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The animal kingdom 


All animals are made up of a cell or cells with 
a nucleus that contains the cell's genetic 
specifications. The main groups into which 
the animal kingdom is divided are known as 
phyla and the most primitive phylum is that 
of the Protozoa, animals that are made up of 
just one single nucleated cell. This means that 
each individual protozoan must be com- 
pletely self-sufficient, with special structures 
(organelles) to perform not only those func- 
tions that are essential to all cells, but also 
those that in many-celled animals are shared 
between different tissues. Protozoans may be 
plant-like, or animal-like 


From sponges to shells 
Although there are protozoans that live in 
colonies, the great step that separates them 
from all other animal forms is that which led 
tothe development of interdependent groups 
of cells with a distinct form. The phylum 
Porifera, which contains the sponges, is the 
most primitive multi-cellular phylum and 
sponge cells retain a high degree of indepen- 
dence. The Coelenterata are more complex 
and the members of th phylum have 


1 Amoebaisa single. 1 
celled animal that 
bolongs to the vast 
phylum Protozoa, The 
protozoans flourish 
wherever there is 
moisture and they 
range in size trom the 
microscopic Amoeba 
and the blood parasite 
Pseudoplasmodium to 
the freshwater ciliat 
Spirostomum, which 
is 3mm (0.1in) long. 
Because itis difficult 
classifying singlo: 
celled organisms as 
animals (Protozoa) or 
plants (Protophyta), 
they are often grouped 
1s the Protista 


Sarcodine 
Amoeba proteus 


3 Jellyfish belong 
tothe Coslentorata, 
the first unambigu: 
ously metazoan or 
7) multi-celled animal 
> phylum in the evolu- 
tlonary tre 

ing with the Cteno- 
phora the feature of 
radial symmetry. 


~ 4 Parasitic tape- 
‘worms are members 
of the phylum Platy: 
holminthes. All a 
flattened and bil 
ally symmetrical. 
Parasitic flukes 
and free-living 
flatworms are also 
inthe phylum. 


- Jeliytish 
Chrysaore hyoscelie 


Octopus 
Octopus vulgaris 


differentiated tissues, These animals are 
composed essentially of a gut and a ring of 
tentacles. Sessile forms, such as Hydra and 
sea anemones, may also have a foot, Others, 
such as the jellyfish [3], are free-swimming 

Apart from the small phylum of 
Ctenophora - the sea walnuts or comb jellies 
~ which are very like the coelenterates, the 
next three major phyla in the evolutionary 
tree consist. of worms - flatworms 
(Platyhelminthes) [4], roundworms (Aschel- 
minthes) [5] and the Annelida [6]. They are 
all hermaphrodites, the most widely known 
of the segmented annelids being the common 
earthworm 

The phylum Mollusca contains more than 
80,000 species, which makes it second in 
number among the invertebrates only to the 
arthropods, Molluscs are most conspicuous 
for their external shells; the marine gas- 
tropods and bivalves provide the varied and 
fascinating sea shells that litter the world’s 
beaches. The most important class of mol- 
luscs other than the Gastropoda [7] and the 
Bivalvia are the Cephalopoda ~ the squids 
and octopuses. In some of these the shell has 
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4 Tapeworm 
Tannia solve 
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5 Threadworm 
Oxyuns vermicularis: 


5 The nematodes or 
roundworms of the 
phylum Aschelmin. 
thes are probably tht 
‘most numerous mi 
zoans in the animal 
kingdom. The 10,000 
species live anywhere 
from the desert to 

\ the deep blue sea. 


8 The octopus, 2 SNorway lobster 
mollusc that has: Nephrops norvegicus 
Jost its shell in 


the course of evolu- 
n, belongs to the 
cephalopods. This 
group includes the 
20m (65ft) giant 
squids, largest of 
all the invertebrates, 


9 The lobster b 
longs to the arthro- 
od phylum and is 
‘one of the jawed 
(mandibulate) spe- 
cies, It ropresents 
the Crustacea, the 
only primarily aqua 
tic arthropod class, 
which is made up of 
‘more than 30,000 
distinct species, 


become internal and in Octopus [8] it has 
disappeared altogether. Because of the 
elaboration of their mode of locomotion and 
their carnivorous habits, cephalopods have 
relatively highly developed nervous systems. 


External and internal skeletons 

There are about one million known species of 
arthropods, of which the most numerous fall 
into three classes: Crustacea ~ the lobsters 
[9], shrimps and crabs; Arachnida — spiders 
[10] and scorpions; and Insecta [11]. The 
arthropods have colonized every conceivable 
ecological niche on land, in the air and in 
water. They, like annelids, are characterized 
by a segmented body, but this has been 
adapted to such an extent that it is often only 
clear during the larval phase; but more 
importantly they feature an external protec- 
tive skeleton. Most also have compound eyes 
and complex nervous systems. 

The Echinodermata are marine animals 
which, although invertebrates, have an 
internal skeleton. The most familiar of these 
are the starfishes {12] and sea-urchins. There 
are many minor invertebrate phyla but the 


Alrican butt 
‘Syncerus catfer 


6 Ragworm 
‘Nereis diversicolor 


6 The polychaete 
ragworm belongs to 
the phylum of seg- 
mented worms which, 
at their largest, 

are larger than any 
‘other worm-like in- 
ate. Thei 
segments are 
essentially identical, 
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2 The African but- 
falo is one of the 
large mammals, 
made up of millions 
of cells organized 
into specialized tis 
sues. With a height 
of 1.5m (4.9tt), the 
buffalo is ma 
millions of tim 
larger than the largest 
protozoan. Mammals 
have colonize 
‘most environments 
in which protozoans 
can flourish; and 
some protozoans, 

such as Trypanosoma, 
colonize mammals. 
Trypanosoma causes 
sleeping sickness 
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7 The freshwater 
winkle, Vivioarus 


viviparus, belongs 
tothe largest class 
of molluscs, the 
Gastropoda, with 
more than 35,000 
species. Bivaives and 
cephalopods are also 
in the order Mollusca, 
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majority of the remaining invertebrates 
belong to the Hemichordata, which is a sub- 
phylum of the Chordata and contains mostly 
marine worms. About 95 per cent of animal 
species are invertebrates and numerically 
arthropods are the most important group, 
because they constitute three-quarters of all 
animal species. The vertebrates constitute 
just one sub-phylum of the chordates and all 
have backbones. The other small sub-phyla 
include the tunicates (sea squirts) and the 
lancelets, They have no true backbones 


Fish, amphibians, reptiles and mammals 
The group Pisces, the fish, is much the largest 
group of vertebrates and is also the oldest in 
evolutionary history. The two principal kinds 
of fish are the cartilaginous, or shark-like 
fish, and the bony fish [13] which comprise 
the larger and more advanced group 

The Amphibia, the frogs, toads [14], 
newts arid salamanders and a few legless 
worm-like species - the caecilians - are the 
survivors of the first group of vertebrates to 
develop legs, enabling them to emerge from 
the waters in which life began, But they have 


10 Tarantula 
Aphonopelms sp 


13Cattisn 
Siturvs glanis 


Bos constrictor 
Constrictor constrictor 


not quite abandoned the aquatic habit: their 
eggs are still laid in water and the larvae (tad- 
poles) breathe through gills. 

The reptiles [15] made the final break 
with the water through the development of 
eggs with shells, for protection and preserva- 
tion of moisture, and yolks for nourishing the 
embryo. The living reptiles are the snakes, 
lizards and turtles, which are mainly tropical 
species because their cold-bloodedness 
makes them too sluggish to survive in colder 
climates. To a zoologist birds [16] seem little 
more than “glorified reptiles”. They have an 
essentially reptilian physiology but a warm- 
blooded metabolism, light, hollow bones and 
feathers. Their complex behaviour, including. 
song, is unknown in reptiles. 

The mammals (2), the hairy animals, are 
the only other warm-blooded class of ani 
mals. They are defined by their protracted 
care of the young which they nurture inter- 
nally (except for the egg-laying monotremes 
such as the platypus) and feed with milk from 
their mammary glands for a varying period 
after birth, Behavioural complexity and 
intelligence reach their peak in the mammals 


11 Asian swalloweait 
Papilio philoxenus 


10 Spiders, scor- 
pions, mites and ticks 
are arachnids and 
belong to the cheli 
cerate or jawiess 

division of the 
Arthropoda, Among 
arthropods, Arach: 
nida are second to 
Insecta in numbers, 


11 The butterfly is 
one of the most 
beautiful of the In- 
secta, which is @ 
huge class of arthro- 
pods containing some 
1,000,000 known 
species, more than all 
the other animal 

species put together. 


13 Fish were the 
first vertebrates 

to have jaws, They be. 
long to a sub-phylum 
(Pisces) of the Chor 
data and an evolu 
tionary landmark 
from the point of 
view of the eme 
gence of man. 


14 The toad belongs 
to the order Anura, 
whose members are 
the commonest of 
the three amphibian 
orders. The Amphibia 
were the first of the 
tetrapod vertebrate 
classes - the four- 
footed land animals. 
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Tepidoptera 


2 Common seat 
Asteries rubens 


name means “spiny. 
skinned”. The star 
fish has a central 
mouth located on the 
skeleton. This isthe underside of its 
important fea body. It eats mus: 
ture characterizing sels, snails, oysters 


hard projecting 
tubercules, forming 
part of its internal 


the phylum towhich and clams, and is 
it belongs, the found in all seas ex- 
Echinodermata. The cept near the poles. 


14 European green toad 
Bufo viridis 


15 The bos con- « 
strictor belongs to 

the legless Serpentes 
sub-order of Rep- 

tilia, the other sub- 

orders of which ~ as 

the first vertebrate 

class to become com- 
pletely independent 

of water — have legs. 


16 The stonechat, 
one of the 8,600 
species of the verte 
rate class Aves, 
belongs to the most f 
diverse vertebrate 

group after Pisces, 
Almost all the spe- 
cial features of 

bird physiology can 
be traced to the re- 
quirements of fight, 


Stonechat 
Sanicole torquats 
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Animal anatomy 


All animals, from the microscopic protozoan 
amoeba to the huge African elephant, share 
the same essential requirements. They must 
be able to obtain a supply of food and oxygen, 
get rid of unwanted waste products, repro- 
duce themselves, move and be capable of 
monitoring and responding to the environ- 
ment in which they live. In the single-celled 
amoeba these tasks are easily fulfilled; thus 
oxygen is obtained by simple diffusion, 


Layers of cells 
During evolution, animals were able to 
become more complex only because their 
body plans were organized in a way that 
allowed the essential life processes to con- 
tinue. The first big jump from the protozoan 
body plan came with the appearance of the 
coelenterates ~ sea anemones and their rela- 
tions, In these multicellular creatures the 
body is a simple tube bounded by two layers 
of cells ~ the ectoderm and the endoderm, 
True organs did not arise until animal 
anatomy had taken another step forward — 
the development of a third layer of cells, the 
mesoderm, between the ectoderm and the 


1 Except at head and 1 
tail the segments of 
ynnelid worm such 
as the ragworm, 
Nereis are virtually 
identical, From the 
sides of each sog- 
ment project "side 
feet” or parapodia 
[1] that are used 
as paddies in swim- 
ming. Also in each 
sogment are paired 
excretory organs [2] 
Running centrally 
is the ventral 
rve cord [3] and 
every segment con. 
tains a mass of 
the segmental 


which originate 
sogmental nerves (5) 
These provide a 
system of communi- 
cation within the 
body. While the 
nervous system trans- 
mits coded informa: 
tion, the blood system 
conveys oxygen to 

all the body cells. 


endoderm. The simplest animals to have 
three cell layers are the platyhelminths, of 
which the flatworm is a member. From this 
mesoderm layer there arise muscles, 
reproductive organs and excretory cells 

The ectoderm forms the nervous tissue, 
along which coded information is conveyed 
to and from different body parts, The simple 
flatworm body is the first on the evolutionary 
tree to have a recognizable “head” con- 
taining clusters of nerve cells or ganglia and 
also primitive “eyes”. 

The three-layer body plan provided the 
potential for enormous evolutionary advance 
and this arrangement is found in all the 
remaining groups of animals. Despite this, 
animal bodies can still be thought of as tubes, 
and in all animals from the sea anemone 
‘onwards digestion takes place in the inner- 
most tube ~ the gut - which is lined with 
endoderm, 

The gut also contains bands of muscular 
tissue made from mesoderm cells. The pur- 
pose of these muscles is to move food from 
mouth to anus. In the flatworm this process is 
accompanied by waves of contraction down 


2 Although totally 
different in evolution- 
ary origin, man and 
the crayfish depend 
‘on simi 
systems to circulate 
blood, digest food 
and perform other 
body functions. But 
the crayfish has. 


Blood system 
Nutrition 

(BE Reproduction 
Ml Excretion 


3 Fish, reptiles, 
birds and mammals 
are all vertebrates 
with 


[B] both possess sim- 
ilar skeletal features 
such asa skull [1]. 
backbone [2], ribs 

[3] and limb support 
bones [4]. The liz- 
ard’s foot (5} is. an 
evolutionary develop: 
ment of the fish’s 

fin [6] and has the 
5-toed pattern typical 
of vertebrates, 


4 The differences 
between the skele- 
tons of a bird [A] 
and a mammal [B] 
reflect the 
ences in their ways 
of life, The limb 
bones of birds (1) are 
reduced and fused 

a those of 
the backbone [2] 
The mammal, having 
no need for tight 
tends to have larger 
and he 


the whole of the animal's body. This is very 
restrictive and little evolutionary advance 
was possible until the development of a fluid- 
filled cavity, the coelom [Key], separating the 
gut from the rest of the body. 

The simplest animals to have a coelom are 
the annelids ~ the earthworms and their allies 
— and in these creatures the coelom is easily 
visible in a cross-section. In higher animals 
the coelom is barely detectable because it is 
filled with numerous glands and organs. 


‘The segmented body plan 

The most striking feature of annelid anatomy 
is its division into segments [1]. A closer, 
internal study shows that cach of these is 
essentially identical, apart from those at the 
“head” end [6] where there is some 
concentration of nerve tissue, and at the tail. 
For annelids, the greatest advantage of the 
segmented body plan is as an aid to move- 
ment. In other invertebrate animals, how- 
ever, different body segments have become 
specialized to do different jobs. This is 
particularly so in the arthropods {2}, a group 
that includes the insects. In these animals the 


hard external skele- 2 
ton covering its body 
while man, in common 
with other verte- 

brates, has an internal 


The segments of the 
crayfish body show 
some specialization, 
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segments are equipped with jointed appen- 
dages but these are modified to form struc- 
tures such as legs and mouthparts. Internally, 
Sex organs, a heart to push blood round the 
circulatory system and other organs are 
positioned in particular segments and there is 
a head with a simple brain and most have 
large compound eyes. 


External and internal skeletons 
Small, soft-bodied animals such as worms 
have little need of any body supports, and 
have no skeleton, but the arthropods have 
developed an external skeleton that serves 
the dual purpose of protection and the provi- 
sion of rigid material to which muscles can be 
attached. Such an arrangement does have its 
problems, however, for it means that the 
animal cannot grow without moulting this 
skeleton. Not until the skeleton was formed 
internally did animal anatomy take another 
big step forwards. This occurred with most 
significance in the primitive chordates, These 
animals possessed a notochord, the fore- 
runner of the backbone. 

The chordate body, like that of the 


annelids, is divided into well-defined seg- 
ments. These are related to the development 
of the backbone because each one contains 
bands of muscles ~ myotomes ~ attached to 
the notochord and whose contraction en- 
ables the animal to swim, 

It is only a small step from this body plan 
to that of a fish. Like all animals with back- 
bones [3, 4] the fish has a body divided into 
head, trunk and tail, the latter lying behind 
the anus. It also has a chambered heart and a 
blood system divided into veins, arteries and 
capillaries. In the fish, oxygen is obtained 
from the surrounding water by way of gills 
well supplied with blood.vessels. 

The next really significant anatomical 
advance came with the emergence of life on 
land, For the first time animals breathed 
through lungs and had internal skeletons 
developed to form the struts of four well- 
defined limbs, each with a five-toed foot, on 
which the body could be raised off the 
ground, Other advances on the vertebrate 
plan (3, 4, 5] are essentially adaptations to 
different modes of life and include the wings 
of birds and the placentas of mammals. 


WB Stomach 
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7 The frog, like 

other vertebrates, 

has a well-defined 

head containing & 
lobed brain. The 
cerebrum is concern: 
ed with learned behav- 
jour, the optic 
lobes with vision, 
the olfactory lobes 
with interpreting 
‘smells and the cere- 
bellum with bala 
and the co-ordination 
‘of movement. No one 
area of the frog's 

brain shows any domi- 
nance over the 

others, but compared 
with a fish the 
cerebrum is larger. 
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5 The tubular diges- _testinos and involved 
tive system consists _in digestion are 

of an intake opening, —_the liver and the 

the mouth, leading pancreas. Ditferen- 


toa storage and 
ber 


absorption of diges- 
tod food takes place. 
Associated with the in- 


ces in animal diges- 
tive systems are the 
result of dietary 
dissimilarities. The 


for 
Grinding food. A 
bird’s gizzard (2) 


isa modified stomach 
with a horny 

lining. tt contains 
‘small stones that 

are used to grind 
food. The fish has a 


rectal 
excrete excess salt, 
The 


cellulose digestion, 


itional cavity, th 
covlom, This diffe 
trom the pseudocoe- 
lom of roundworms: 
IC] inits lining, 


animal to form cereb- 
ral ganglia 1), 
This 


responses to the en- 
vironment such 98 
those used, for 
example, in finding 
food, in burrowing 
and in mating. The 
‘outer covering of the 
body of the earth- 
worm bears receptors 
that respond to light, 
temperature changes, 
ind touch, 


8 The brain of the 
rabbit, like that of 
other mammals, is 
remarkable for the 


respectively, with 
the large range of 
voluntary movements 
the animal performs: 
and with the very 

fine degr 
cular co-ordi 
achieve 
of the optic and 
olfactory lobes is 
an indication of t 
importance of the 


ad 
‘ows all the other part: 


Sex in the animal world 


In the natural world all sexual activity is 
directed to one end: the fusion of male and 
female sex cells or gametes to form the first 
cell of a new organism. The means to that end 
are many. In flowering plants, for example, 
the male sex cells or pollen may reach the 
female sex cells by being borne on the wind or 
carried by animals. In the animal kingdom 
the male and female gametes are, respec- 
tively, spermatozoa and eggs [Key] and their 
fusion may take place either inside or outside 
the female body. In all living organisms vastly 
more sex cells are produced than are ever 
shed or conjugate and this seems to be a 
natural insurance policy for fertility 


The evolution of sex 

Why did sex evolve? Many primitive animals 
reproduce simply by budding andin principle 
there is no reason why humans should not do 
the same, But sex, by bringing together the 
inherited characteristics of two parents in a 
new combination, makes for greater variety 
in the offspring. This variety is not just the 
spice of life: in evolutionary terms it is the 
essence of survival, for variety offers a wide 


1 Sexual reproduc- 
tion in one form or 
another has evolved 


Fedtothe gg ona 


inmost life forms, film of mo) 
Many pl 
foxglove [2], have 
2Cuttlefan rN 
Sepiasp 
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2 Themalecuttlefish — sperm—aspermato- 
courts a female (A) phore-tothe 
by displaying to her, 's mantle cav- 


often blushing red 
allover ashe does 
80. The twoanimals 
thanjoin|B). either, 
side by side or 
to-head, wanton 
tentacles ent rd. 
‘The male then trans- 


tors. package of 


cotyius, which may 
then dropoff, The 
male then dies (O]. 


onthe se bed iC 
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choice on which the forces of natural selec- 
tion can operate. It provides the material for 
an infinite number of genetic variants within 
a species and for vigorous offspring and it 
allows for the "storage" of genes that are not 
immediately useful. These genes, inherited 
from one parent, are dominated or “dis- 
guised” by genes from the other. 


Bringing the sexes together 
The first requirement for mating is to bring 
the two animals together at the right moment 
[1]; in many species this is achieved by the 
secretion of chemicals known as pheromones 
by the female. The male traces her by sense of 
‘smell, sometimes exquisitely sensitive, as in 
moths which are able to detect one or two 
molecules of female pheromone borne on the 
wind [5]. Other animals may rely more on the 
other senses. Male frogs, for example, have 
special mating croaks with which they attract 
females, The tones of the male’s croak 
develops with his sexual maturity and only 
reaches the right pitch when he is old enough 
to mate, Until then, females ignore him. 

The most spectacular ways of bringing the 


femaleeggsandmale witha reciprocal ex- 
pollen on one pli change of sperm. in 
Earthworms [3] single celis (4), 

also hermaphrodit ‘mating involves only 
(with both sex org: the exchange of small 
but nonetheless mate pieces of genetic 


sexes together are the elaborate visual dis- 
plays of some animals - from the “dance™ of 
the red-bellied male stickleback in the 
mating season to the courtship rituals of some 
birds, which may flaunt their plumage like 
the peacock or even build a decorative love- 
nest like the bowerbird. 

Many of the mating calls and visual dis- 
plays of animals are extremely elaborate and 
serve a dual function. Not only do they bring 
the two sexes of the same species together, 
but they also ensure that the two sexes in 
different “ species are kept apart. The 
behavioural ritual has to be exactly right or 
the female will not respond. The same applies 
to pheromones: the chemicals must be 
exactly the right ones, sometimes even in 
exactly the right proportions, or the male will 
not court the female. This is why so much 
evolutionary energy has been expended on 
extravagant or subtle ritual and decoration in 
the mating season: it plays a vital part in the 
process of reproductive isolation by which 
similar species can live in the same territory 
and yet remain separate, 

There are several mechanisms, once male 


material rather than ‘such as dragonflies 
acomplete package. _ [6], chaffinches [8], 
Sticklebacks (5) and —_fieid mice [9] and 
frogs (7]fertilizetheir rabbits [10] ferti- 


‘eggs internally. In 
many other creatures 


lization is internal, 
Coupling is belly-to- 
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back, whether onthe 
ground, inwater or 
‘onthe wing, Ferti- 
lization inall marn- 
mal species takes 
place internally. 


and female have been brought together, for 
the final step of fusing the genetic informa- 
tion of the two. Some single-celled organisms 
have a special structure on the cell surface 
that effects the transfer of small pieces of 
DNA (the material containing the genetic 
blueprint) from one organism to another. In 
hermaphrodites, such as the earthworm or 
the snail, the behaviour of the two partners is 
identital, each transferring sperm to the 
other. In terrestrial species with distinct 
sexes, fertilization is usually internal, the 
male inserting a penis or some analogous 
organ into the female to deposit the sperm. 
Sometimes, as in most aquatic species, the 
eggs are laid first and fertilized externally 
afterwards, while cuttlefish and squids, in 
which fertilization is internal, use specialized 
tentacles to transier sperm to egg [2] 


Socio-sexual relations 
The social aspects of sex range far beyond 
courtship and mating. The hormones that 
burnish the plumage of the male mallard and 
bring a scarlet blush to the belly of the stick- 
leback are also the ones that in many species 


cause aggressive behaviour between males. 
Rutting deer engage in ritual encounters 
which, although they may not represent 
fighting in the strict sense, certainly appear 
hostile from a human point of view. The vig- 
orous defence of territory by some male birds 
is also hormone-dependent 

In insects socio-sexual relationships can 
be extremely complex. The honey-bee queen 
monopolizes the attentions of the male 
drones, whose sole function is to fertilize her 
eggs. The workers, which build, clean, forage 
and act as nursemaids for the entire colony, 
are females prevented from reaching sexual 
maturity by the food they receive and by 
chemicals (pheromones) which they lick 
from the queen 

In higher animals living in colonies or 
herds it is usual for a single male to dominate 
other males and gain exclusive access to a 
large number of females, In deer and seals, 
for example, a male gathers around him a 
harem of many females {6]. In seals the 
younger bulls may often be left out in the cold 
and not acquire harems for many years after 
they have reached sexual maturity 


sexual activity, the 


sperm fromthe male 


3 Thecourtshipand —_tectbyhersmellthat 4 Thepairingofthe —_ina preening pos- 5A 
‘matingritualofthe she is inheat. He wandering albatross ture [B]. The birds 
Ugandakobbegins —thentests her will- then stretch towards 
Whenthemalecirc- —_ingness to mate with ‘one another [C} with 


les the female with 
aprancing gait, his 
head held high 

todisplay the white 


sharp kick [C] 
probably a relicof 
fighting behaviour. 
she is ready the 


lands in the Suban 
tarctic, takes pla 
by way of an elab- 
orate ritual involv: 


more bill 
“nibbling 
another's bills. The 

male then circles the 


éy ¥ 


patch onthe throat male quickly mounts —_ing both auditory ‘with wings bs, 
[A]. He sniffs her D]toensure 
vulva (B},causingher — rapidintromission 
tosquat,andcande- —_ and ejaculation, p . 
The sequence begins Se 


with neck stretching 
and bill clapping [4] 
which are followed by 
bowing of the heads 


etched and wings 
open |E] asthe pre- 
liminary to mating. 


6 The South Ameri- 
can sealion (Otaria 
byronia),like other 
members of its 
order (Pinnepedia), 
must breed on land. 
The males come 
ashore to establish 
territorial rights over 
asection of beach, 
often fighting their 


Ineact 


rtner enters the 
egg from the female, 
each carrying genetic 
material. Sperm 
vary in shape and 
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5 Amale moth detects 


afemale (A) by a 
‘or pheromo' 
she secretes froma 
jand on her leg. He 
“gmelis” this scent 
by means of sensory 
receptors on his 
antennae {0} which 
enable him tode- 


rivals fiercely, Asthe 
females come ashore 
the bulls try to 
gather a harem of 
10, which precipitates 
more inter-male 
rivalry. Soon after 
the females have 
landed they give 
birthto single pups 
(conceived the pre 


size from species 
to species but can 
be grouped into 
flagellate and non. 
flageliate types, 


tect very small 
quantities of the 
pheromone. After 
copulation (B] and 
fe jonthe 
ferhale seeks out o 
suitable larval food- 
plant, such as mul- 
berry, on which to 
lay her eggs (C). 


is from 250-365 days, 
Itisso variable 
because delayed 
implantation is 
known to occur in 
some species, 


Principles of animal behaviour 


Animals must be observed in their natural 
habitats if their behaviour is to be under- 
stood, because much of their behaviour is 
innate and has evolved toenable them to sur- 
vive, feed and reproduce in those habitats [1]. 
Instinctive patterns of animal behaviour have 
been moulded by the demands of the 
environment in the course of evolution and 
reflect the animal's evolutionary history in 
just the same way that its skeleton does 
Insects provide excellent study material for 
investigating animal behaviour because 
urilike mammals, their actions are not mod- 
ified by a higher intelligence. 


The basis of behaviour 
An animal's action ~ a cat pouncing on a 
mouse, a peacock spreading its tail to the hen, 
4 spider spinning its web — is determined by 
three factors. One is the external stimulus ~ 
the mouse or the peahen. The second is its 
own sense organs and nervous system which 
determine what the animal can see, hear and 
feel and also what behaviour patterns it can 
produce in response. The third is the state of 
its body chemistry, such as its state of hunger 


2 The dance of the the angle at which 
honey bee stimulates it dances indicat 
worker bees atthe the position of the 
hive togo out and food source in re- 
find food si s lation to the sun 
whose whereabouts is andthe duration of 
encoded inthe abdominal flicks dur 
messenger boe's ing the straightrun 


movements. The 
messenger |1| moves 
ina figure eight [2], 


is proportional tothe 
distance of the food 
fromthe hive. When 


or, for example, the level of its sex hormones. 
Not only do the sense organs of animals 
give them widely varying amounts and types 
of information about the world about them, 
but studies of animal behaviour have made it 
clear that, for each species, there are certain 
stimuli that have special significance. These, 
known as sign stimuli, may be visual, like the 
red belly of the male stickleback during the 
breeding season, which induces the female to 
spawn, or chemical, like the chemical 
released by the female moth to attract the 
male. Chemical sign stimuli are known as 
pheromones. Sign stimuli trigger what are 
known as innate releasing mechanisms (some 
sign stimuli are called releasers) which lead to 
the expression of stereotyped behaviour, 
sometimes known as fixed action patterns 
Parental behaviour, for example, is triggered 
in many species by the round face and large 
foreheads of many infant animals [Key]. 


Feeding behaviour 

Both the stimuli and the behaviour released 
by them vary enormously in complexity. One 
of the most primitive patterns is that involved 


in the feeding behaviour of the frog [4], Frogs 
perceive as prey any relatively small moving 
object in their field of vision and the detec- 
tion of such an object releases a rapid dart of 
the tongue in its direction. But while the fee- 
ding behaviour of the frog is barely more than 
a reflex, the feeding behaviour of some 
insects involves vastly complicated social 
signs. Most famous of these is the dance of 
the worker honey bee [2], which won its 
discoverer, Karl von Frisch (1886-), a Nobel 
prize in 1973. A worker bee that has found a 
food source returns to the hive and performs 
a “dance” that conveys to other workers 
information on the whereabouts and nature 
of the food, The dance causes the workers to 
leave the hive in the direction encoded in the 
forager’s movements. 

A fact of which beekeepers are only too 
aware is that honey bees become enraged at 
the approach of a thunderstorm, the result of 
their sensitivity to changes in the earth's 
aerial electrical stress field. Recent studies 
suggest that they begin to show the first signs 
of annoyance as the electrical oscillations 
approach 10kHz when a thunderstrom is on 


otherworkers(3igo 3K 


out for food they 
follow the messen- 
ger's directions and, 
furthermore, gather 
nectar only from 
flowers that have 
the same scent 
that returnedto 
the hive by the 
messenger bee, 


/ 


CONNECTIONS 


See also 
The worldof insects 
Sexinthe animal 
world 

How birds behave 
How mammals 

bel 

How primates 
boha 

Thelife offish 
Snakes. lizards and 
turtles 

Landand sea snails 


1 Army ants (Eciton 
burchell) of the 
tropics are found 
incolonies made up 
of soldiers and two 
kinds of worker ant, 
with a queen whose 
function istolay 

\d produce 
nts. Army ants 
undergo analterna 
ting rhythmic cycle of 
static [1] and noma: 
dic [2} phases, 

Inthe static phase, 
‘eggs are leid bythe 
queen and the colony 
remains in one bivou: 
actor twoor three 
weeks. During the 
nomadic phat 
ing swarms leo 


bivouac but inste 
of returning, set up 
fresh bivouacs each 
night, The advancing 
front of aswarm. 
‘onthe move isa 


is made by ants which 
are attached to each 
othertoform 
chains and bridges (3] 


3 Locusts are types 
of grasshoppers that 
respond to over- 
‘crowding by migrating 
in huge swarms. In 

the solitary (solitar- 

ia) form Al, the locust 
isrelatively 

inactive. The grega- 
aria form isdisti 
guished by the dark 
colour of the im- 
mature insects, or 
fymphs. A gregaria 
female [B) is shown 
laying eggs, or ovi- 
positing. The eggs 
hatch into flight- 
less nymphs which 
in crowded condi- 
tions gather into 
anarmy and set off 
In search of food, 
The nymphs mature 
enroute and take 
totheairasa 
swarm, 2 relentless 
plague that deva- 
states everything 
inits path and 

often ruins vast 
areas of cropland. 


the way, but it was noticed also that other 
influencing factors are increased atmospheric 
moisture and a fluctuating concentration of 
negatively charged ions. Without these, it 
was observed, electricity alone is not enough 
to infuriate the insects. 

The gregarious feeding behaviour of 
some insects often has terrifying consequ- 
ences. At a given level of overcrowding, 
African locusts [3] gather into a vast, rapa- 
cious swarm 

In army ants [1] social behaviour is as 
rigid as that of honey bees, with different 
forms performing different and highly 
organized functions in the colony. Army ants 
bivouac in a solid column formed from the 
linked bodies of their fellows in a cylinder up 
to Im (39in) across, with the queen and 
larvae in the centre. During the day, foraging 
parties of ants disperse in fan-shaped 
swarms. For most ants, the social signals that 
control co-operative behaviour are chemical, 

The voracious behaviour of ants and 
locusts is the evolutionary outcome of the 
need to feed. In the caddisfly larva [5], this 
necessity has given rise to an amazing chain 


Percentage of 
sainats in cist 


of behavioural responses resulting in its clo- 
thing itself in a private fortress. In this case, 
each stage of the building triggers off the next 
stage, until the protective home is finished. 


Instinct and learning 
In higher animals, behaviour is such an intri- 
cate mixture of the learned and the instine- 
tive that the two components become almost 
impossible to separate, but in insects, where 
instinct is predominant, the contribution of 
learning can clearly be defined. Digger 
wasps, for example [6], deposit their eggs in 
holes in the ground stocked with prey and 
then set out on a hunting expedition in whit 
they capture further prey to take back to the 
next hole. The choice of prey is entirely 
innate and is based partly on visual clues but 
also on smell (for digger wasps that capture 
bees cannot distinguish bees from other 
insects of about the same size on sight alone). 
hunting 
trip, however, entails learning. The wasp cir- 
cles the hole for a few seconds before leaving 
and remembers its appearance so that it rec- 
ting an hour or more. 
) Hf 
| jf 
i ff 


\ Prey beetles 


Key 
The young of many 
species, from gulls [A] 
{B), tendto 


tocat 


less of the grown 

face. The face shape 
sign stimulus 

for parental actions. 


Other examples of 


sign stimuli include 
the recognition of 
particular sorts 


of flowers by 
some insects (Cl. 


5 Caddisfly larvae 
builda total of five 
houses [A] through 
their larval develop- 


4 The motionless 6 Diager wasp 
hunter,thecommon — Seve sp 
frog (Rana tempor- 

aria), feeds by 

catching prey only 


when it comes in 
ofitstongue 
[A.B]. The size of 
prey the frog will 
‘eat depends entire. 
ly onits own size— 
whether it can open 
its mouth wide 
enough to accommo- 
date the meal [C} 
The usual diet of the 
frog includes in- 
sects of all kinds 
ID}, according to 
their seasonal 
availability, but 
beetles makeup the 
greatest proportion. 


6 The female digger 
wasp learns the land 
marks around a nest 
hole |A,B). the 


conspicuous pine 
cones |C] are moved, 
the wasp searches in 
vain for the nest [D]. 


ment, one for each of 
five moults and each 
bigger thanthe 
previous one. Cross- 
sections show the 
series of houses 
[17] and how they 
are enlarged by 
stones [8-12]. In 
between, during 


by 
raking [B};itrejects 
large stones {C] by 
touch, The stones are 
fitted together 
ID] by silkspinning 
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Single-celled animals 


The single-celled organisms that are 
regarded as being the simplest forms of 
animal life are protozoans, members of the 
large group or phylum of living creatures 
known as the Protozoa. They number more 
than 30,000 species and nearly all of them are 
invisible to the naked eye, growing no larger 
than the size of a pinhead, 

In common with all other animals the 
majority of Protozoa are mobile and take in 
complex food materials that are broken down 
inside the body to provide energy. Inaddition 
they all need water to survive and although 
the majority are either marine or freshwater 
species a significant number live as parasites 
within higher animals, including man, where 
they may cause a variety of diseases, 


Methods of locomotion 

Protozoa are divided into four main classes 
depending on the ways in which they move. 
Members of the class Mastigophora bear one 
or more of the thread-like structures — 
flagella — whose beating action propels the 
animal forwards. All the Ciliata are equipped 
with many hair-like projections known as 


Rear end 


cilia [3]. These lash in a synchronized pattern 
and in doing so produce movement. The 
members of the class Sarcodina move by 
means of pseudopodia, extensions of the 
“ground substance” or protoplasm with 
which their cells are filled. The Sporozoa all 
lack specialized locomotory structures, 


Varieties of Protozoa 
The Protozoa with flagella include members 
of the genera Euglena and Chlamydomonas, 
all of which contain chlorophyll and thus 
photosynthesize, plus dinoflagellates in a cel- 
lulose capsule, which are found in the 
plankton. Trypanosoma is a parasite that 
lives in man, where it causes sleeping sick- 
ness. The trumpet-shaped Stentor is a 
remarkable ciliate which, when feeding, 
attaches itself to the surface of a water plant. 
The sarcodines are also a diverse group. 
Amoeba proteus is a common free-living 
representative, others such as Entamoeba sp 
live within the human gut, some of them as 
Parasites, The plankton contains fdraminife- 
fans, marine species that secrete calcareous 
shells round their single-celled bodies. 


1 Parameciumis 3 
specialized single- 
celled animal. The 
‘outer layer of the 

cell, the ectoplasm, 

is bounded by a tough 
skin through which 
many tiny hairs or 
cilia protrude. Reg- 
ular beating actions 

of the cilia produce 
locomotion. The oral 
groove extends into 
the inner granular 
endoplasm, forming 

2 blind-ended gullet. 
Food particles are 
pushed into the gul- 
let by ciliary ac- 

tion and enclosed 

in vacuoles. As food 
vacuoles circulate 
through the endo- 
plasm their contents 
are digested by en- 
zymes. Undigested 
and unabsorbed mate- 
xpell 
al pore. 
‘The water content of 
‘the cell is control- 

led by the action 

of the two contrac- 
tile vacuoles. Of 

the two nuclei pre- 
sent, the larger or 
meganucleus controls 
all day-to-day a 
tivities of the cell, 
while the smailer 
micronucleus is 
concerned with 
cell reproduction, 


Radiolarians and heliozoans form compar- CONNECTIONS 
able shells composed of silica, which are col- 
lected and used as abrasives. Rink 


As exceptions to the rule of diversity, all 
sporozoans show a high degree of uniformity. 
They are all parasites and lack the cell parts 


Life and its origina 
Bacteria and viruses 
Litein the oceans 
Invertebrate 


(organelles) necessary for locomotion and saws 
feeding they have no need to move and can —_‘{ah4andaeesnails 
take in food ready-digested. They also have swamenis 


unique life cycles incorporating both asexual 
and sexual reproductive stages in which 
spores, each bearing hundreds of offspring, 
are produced, 

Protozoa reproduce asexually or “vegeta 
tively” by splitting in two. a process called 
binary fission, When fully grown, an equal 
division of cytoplasm and nucleus takes place 
and “daughter” organisms are formed [5], In 
adverse conditions some flagellate (Mas- 
tigophora) and some amoeboid (Sarcodina) 
species secrete a hard and impervious protec- 
tive cyst with which they surround them- 
selves and in which the cell may duplicate 
itself. When the environment is again favour- 
able the cyst breaks open and releases the 
offspring, which reproduce asexually. 


Female mosquito 


Zyorw 


Fusion of gametes 
Production of gametes 
Plasmodium 


enters 
bloodsiveam 


Piovmodium passes. 
10 salivary glands 


Liver colt 


2 The malaris-produc- ture the plasmodia —_—_another mosquito 

ing protozoan Pias- escape and infect ‘takes up the infected 
modium vivax,when — athercells.In blood —_cells gamet. di- 
injected into the cells numerous vide within its stom- 
human bloodstream cycles of multiplica-. _—_ach, forming gametes. 
byaninfectedfemale tion, cell rupture ‘These fuse to prod- 
Anopheles mosquito, and reinvasion occur _uce zygotes, which 
rapidly invadesthe before male andfe- _release plasmodia to 
liver cells and multi- male sex cells (gam- —_enter salivary glands 
plies. As cells rup- stocytes) appear. and repeat the cycle. 


3Protozoamove 
about in three main 
ways. Sarcodines 

move by means of 
streaming protoplas- 
mic extensions [A]. 

The forward flow of 


con- 
tinuous reversible 

change of fluid plas- 
‘masol into the outer, 
jelly-like plasmagel, 
produces movement. 
Mastigophora are 
juipped with flag- 
‘hose whip- 

like beating actions 
8, Cl pull the organ- 
ism along. Citiata 
have numerous tiny 
beating cilia (0) 
which propel them 
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Piasmagel changes 
nto plasmaso! here 


ininaaal,  Pibasieecl 


Plasmasol changes 
Into plasmagel here 


Tomporary 
front end 


Rhythmical movement of cilia 


a4 


ff 


Sexual reproductive methods of the Pro- 
tozoa are numerous. Paramecium [1, 4] 
generally reproduces sexually by conjuga- 
tion; two individuals of different strains fuse 
side by side and, after nuclear divisions and 
interchange of nuclear material, they sepa- 
rate. Further division of each organism takes 
place, producing a total of eight daughter 
organisms, four from each, equipped with 
nuclei of mixed parentage. 

Sponges are simple creatures formed 
through the aggregation of many cells. They 
are classified in the phylum Porifera 


The structure of sponges 
All sponges are sedentary aquatic animals 
nd are divided into three main classes. Cal- 
careas, such as Sycon, Leucosolenia and 
Grantia, bear an internal skeleton built up of 
‘ieedies" of calcium carbonate. The “glass- 
sponges”, or Hexactinella, are equipped with 
skeletons containing silica. Most representa- 
tives of the third class, the Desmospongia, 
possess a skeleton composed of the protein 
spongin, as in the case of the common bath 
sponge (Spongia mollissima) [6], but other 


6 Sponges aremem- 6A 
bers of the phylum. 
the “pore 
They vary 
from the vase-shaped 
Sycon spp [A] to the 
more complex and ad 
vanced species such 
as the common bath 
sponge (Spongia 
‘mollissima) which 
bear elaborate, high- 
ly branched internal 
systems of canals (8, 


water [D] that passes 
through pore cells 
(and into the cen 
tral cavity brings 
with it micrgscopic 
food particles. These 
e captured [E] 

by flagellate collar 
cells [2] and digested 
within food vac 
uoles [3]. Amoeboid 
mesenchyme cells (4) 
then carry the di 
gested food from 
‘one place to another 
within the walls 

of the sac. 


species bear a skeleton of spongin and silica. 

The basic structure of sponges consists of 
a sac with a large opening at the top and 
numerous perforations in the side walls, The 
outer layer of the sacis formed by a mosaic of 
flattened “covering” cells, The inner layer is 
composed of “collar” cells with whiplash 
flagella like those of the flagellate protozoa. 
Numerous cells, some like amoeba and 
others employed in the secretion of skeletal 
substance, lie sandwiched between inner and 
outer strata, forming the middle or mesen- 
chyme layer. Spanning all three layers are 
many tube-shaped “pore” cells, 

Sponges reproduce asexually by budding. 
Buds may separate from the parent and grow 
into new individuals or remain attached to 
form a branched colony. Sexual reproduction 
in sponges begins with the formation of 
sperm and eggs from undifferentiated 
mesenchyme cells, Although most sponges 
are hermaphrodite self-fertilization iy rare 
Sperm released from one sponge is carried by 
water to the eggs of another and fertilization 
follows. Larvae develop from fertilized eggs, 
subsequently escape and grow into sponges. 


4 Like other animals 
protozoans feed on 
complex organic food 
materials to obtain 
‘energy. Amoeba spp 


by forming food cups 
around them with 
‘special pseudopodia 
Food is later 

broken down within 
vacuoles by the ac- 
tion of digestive en- 
zymes. Paramecium 
‘spp [B] feeds pri 
marily on bacteria 
drawn into the oral 
groove by the cil 
Trichonympha spp. 
[Cl are symbiotic pro: 
tozoans that live in 
the guts of termites. 
They engulf wood par 
ticles that the ter- 
mites cannot digest 
themselves. Acinera 
‘spp [0] feed only on. 
specific species of 


times larger 
than themselves 


Protozoans can be 
divided into four 
classes on the bi 
cof the way in which 
they move about, 
Sarcodines, such as 
Amoeba proteus (A\, 
move by means of 
pseudopodia, exten- 
sions of their pro- 
toplasm, Pseudopo: 


5 


7 Man has long gath- 
ered sponges, 25 
shown, for cleaning 
and polishing pur- 
poses making use of 
their soft, water 
absorbent, yet tough 
and durable texture 
Commercial sponges 
are found on the sea 
bed in tropical and 
subtropical waters. 


Amoeba proteus 


Chiysamooba so 


dia are also used to 
form food cups for 
the capture of prey 
Most sarcodines are 
free-living proto- 
zoans. Locomotion in 
Mastigophora [8] is 
produced by whip-like 
flagella. Sporozoa, 
which include the 
malaria-producing 


In deep waters they 
are collected by 
divers, but in 
shallow coastal areas: 
they can simply be 
pulled up from the 
ocean floor by using 
trident-like poles, 
Once collected, the 
sponges are dried to 
kill off the thin, 

layer of protoplasm 


Paramecium aurelia 


Plasmodium sp (Cl, 
are all parasitic 

and lack specialized 
locomotory structures, 
The class Ci 
contains a majority 
of free-living (non- 
parasitic) species 
such as Paramecium 
[D] that move. 

by ciliary action. 


5 Asexual reproduc- 
tion in protozoans 
takes place by binary 
fission. In Amoeba 

this simply involves 
the splitting of one 
cell into two equal 
parts, The process 
starts with the appear 
ance of chromosomes 
in the nucleus, 

which become shorter 
and thicker. Chromo: 
somes, each made up 
‘of two chromatids, 
line up across the 

cell while contract- 

ile vacuoles [2], having 
opli- 
cated, begin to 


drawn 
apart [1] and the cyto- 
plasm starts to split 
into equal halv 
With chromosome 
division complete, 
thre cytoplasm 
finally divides. The 
two resulting daugh- 
amoebae (3, 4] 

‘e identical, 


that surrounds the 
horny skeleton. Fur- 
ther cellular mate- 
and the shells 
and skeletons of the 
‘organisms trapped 
within the fibrous 
remains, are removed 
by a repeated pound- 
ing of the sponge be 
fore it can be 

used domestically. 


an 


Se 


Sea anemones, hydras and corals 


Flower-like sea anemones, rock-like corals 
and translucent, tentacled jellyfish are some 
of the most attractive creatures in the ocean. 
And diverse though they may seem, these 
animals ates [Key], a group 
numbering more than 9,000 species, all of 
which are aquatic and most of which inhabit 
marine shallows. 


re all coelente 


The feature that qualifies corals, jellyfish 
and freshwater hydras alike for coelente 
membership is the possession of a large, 
central body cavity or coclenteron (hence 
their name). The body comprises a concen 
tric arrangement of body parts and the 
organization of body cells into rudimentary 
tissues in which the cells work in co 
operation as elements of the whole, not as 
independent members of loose cell aggre- 
gates such as those found in the sponges 

The coelenterates are the first animals on 
the evolutionary tree to show this level of 
organization and they all share a similar pat 
tern of tissue arrangement. There is an outer 
layer of cells, the ectoderm, and an inner 
layer, the endoderm, separated by mesog 
loea, a gelatinous material that may be little 


ate 


4 The dahlia ane- 
mone ( Tealia felina) 
belongs to the 
group of coelen. 
terates known os 
sea anemones. They 
can be found stuck 
firmly to rocks 
below the upper tide 
line. When left ex 


posed by the reced. 
ing tide the anemone 
reduces itself to a 
compact, blob-like 
mass. When covered 
by water the ten 
tacles expand, ready 
to trap any small 
crabs or fish that 
stray within reach. 


5 Amature colony 
1] of Obelia boars 
reproductive polyps 
2] concerned solely 
with production of 
the free-swimming or 
medusoid form [3] 
which carries Obe/: 
ja’s reproductive 
organs. Once sep: 
arated from the 
parent colony the 


medusae shed their 
sperm [4] or og) 
[5] into the water. 
The fertilized egg 
{6] subdivides to 
form aciliated 
\arva (7) that swims 
until it finds a 
suitable surface on 
which to settle, 
Here it grows 

and buds asexually 


more than a thin film — as in Hydra - or that 
may form the bulk of the animal as in the 
many species of jellyfish 

Coelenterates such as sea anemones are 
solitary animals but others, such as the plant 
like Obelia, are made up of a colony of 
several sub-individuals or polyps. When 
these polyps are not identical the animal is 
said to be polymorphic - some marine col. 
onies have separate polyps for feeding, for 
protection, for reproduction and even some 
have such polyps for swimming 


Phases of development 

The life history of many coelenterates shows 
two distinct phases — a free-swimming or 
medusoid stage followed by a sessile stage of 
attachment and growth - which means that 
some species can be both bottom-living and 
reside in open water. In different coelenter 

ates, however, there is a different emphasis of 
these two phases and this explains why these 
animals show such a variety of form. In 
Obelia {5}, for example, the medusoid phase 
is relatively brief and followed by a longer. 
predominant period of attachment, a cycle 


1 Species of Hydra 
are found throughout 
the world with the 
exception of frigid 
zones. When feeding, 
Hydra normally nar 
rows its body and 
allows its extended 
tentacles to trail 
frooly. ia water 

flea or some other 
potential food source 
brushes against the 
tentacles, the nem- 
atocysts then dis: 
charge, partially 
paralysing the prey. 
Next, the tentacles 
contract and thus 
draw the victim 
towards the mouth, 


typical of the coelenterate group, the Hyd- CONNECTIONS 

rozoa. When mature, the Obelia colony gives seeatso 

rise to reproductive polyps which then pro- Theiellfish 

duce medusae of their own goon 
Among the Scyphozoa the situation is Ute in the oceans 


Animal anatomy 
The seashore: if 


reversed and it is the medusa that predomi. 
nates. In the third coclenterate sub-group. 
the Anthozoa, which includes the corals 
[6-8] and sea anemones [4], the attached 
phase predominates so much that there is no 
medusoid phase at all. In these types, eggs 
and sperms are shed directly from the gonads 

situated on certain areas of the endoderm 
lining the polyp’s coclenteron — and pass out 
through the mouth, The fertilized eggs then 
divide to form balls of cells that settle and 
grow into new individuals: 


betwoon the tder 
Fossils without 
backbone 


There are, however, some exceptions to 
this systematic grouping, especially among 
the Hydrozoa. Hydra [1], for example, has no 
medusa and its life history resembles that of 
the sea anemone - except that the sperm and 
eggs develop on the outside instead of on the 
inside of the polyp. And there are even a 
few hydrozoans — to complete the range 
which have a dominant medusa and a polyp 


2 The stinging hyd- 
roid (Lytocarpus 
philippinus) is one 
of the colonial coe 
lentorates, The col 
ony arises from a 
single individual 
that has produced 
buds in much the 
same way as its 


solitary cousins — 
with the difference 
that the new polyps: 
remain attached to 
their parent, The 
coslenteron forms 
@ continuous cavity 
and the end result 
isa branching 
collection of polyps. 


ken 


3 Budding is one 
method of asexual 
reproduction. When 
conditions are good, 
‘ a small bulge [1] 
forms on the parent 
Hydra. This grows 
into a new indivi 

: dual and eventually 
Yo detaches itself 


stage that is either minute or non-existent 

‘Compared with the complexities of their 
sexual lives, the asexual reproduction of 
coelenterates is a relatively straightforward 
affair — a Hydra can bud [3] a new individual 
from its body, a sea anemone divides itself in 
two. Asexual reproduction may also result in 
the formation of colonies of individual polyps 
that are linked by a continuous inner cavity 
(coelenteron). ‘This ability of the coelenter- 
ates to reproduce asexually means that they 
have considerable powers of regeneration —a 
mere fragment broken from an animal may 
be able to grow into a new individual with full 
powers of sexual reproduction 


How coelenterates feed 

In most coelenterates feeding is assisted by 
the tentacles that surround the mouth. Liber- 
ally armed with stinging “cells” (nemato- 
cysts) [9], these tentacles paralyse the prey 
and draw it towards the captor, Alll the tenta- 
cles co-operate, bending round to attach 
themselves to the victim and thrusting it into 
the coelenteron. The mouth then closes and 
the endoderm cells secrete digestive enzymes 


8 A coral potyp [1] the type shown 
embeds itself inits here - the cup is 
protective cup (2). made of calcium 
In stony cor carbonate (limestone) 


into the central gastric cavity. These break 
down the food, either into soluble products 
available for immediate absorption or into 
small particles that can be engulfed by the 
endodermal cells. The residue of the meal is 
finally expelled — by means of contractions of 
the body ~ through the reopened mouth, 


Powers of movement 
All coelenterates can move, although motion 
may be restricted to mere bending of the 
tentacles and shape changes. All movements 
are made possible by the muscle fibres in the 
cells of both the ectoderm and endoderm. In 
addition, the base of the sea anemone is 
richly endowed with muscles that enable it to 
move over rocks with a kind of gliding action, 
Hydra can perform similar movements, but it 
may also change position more rapidly by 
kind of somersaulting action 

Even the simplest of coclenterate move- 
ments requires some degree of co- 
ordination. This co-ordination is the 
responsibility of a diffuse network of nerve 
cells that runs through the tissue and forms a 
primitive nervous system. 


6 Staghom coral 7 


widespread 
species of coral reet 
At first glance it 
may not be obvious 

re liv- 
since 
the individual 


cups. The individual 
polyps of coral 
resemble small 

sea anemones but 
these warm-water 
species tend to live 
colonial rather th 
solitary existences, 


- Coral roats 


—~ 20° 


svereted by the ules secreted by the 


ectodermal cells of cells in the central 
the polyp’s outer mesogloeal layer and 
surfaces. In other is thus to be found 
groups, the skeleton _inside the polyps 

is formed of horny rather than sur- 


or calcareous spic rounding them, 


9 Nematocysts or 
stinging capsules [1] 
are the coelen- 
terates' weapons of 
offence and defence, 
Located in greatest 
concentration over 


they play an essen: 
tial role in feed: 

ing. Some (3) inject a 
paralysing poison 


into the prey; some 
[4, 6] secrete a 
sticky substance; 
while others [5] 
have coiling threads. 
Projecting from one 
side of each nema 
tocyst is a small 

hair [2], which acts 
as a trigger. When 
the hair is touched 
by a passing animal 


Ahydroid polyp — 
shown here in 
schematized long: 
itudinal section — 
illustrates some of 
the characteristics 
of coelenterates. 
The mouth (6), sur- 
rounded by a ring of 
tentacles [5] bearing 
stinging cells, 
‘opens directly into 
the digestive cavity 
or coslenteron [2]. 
The body wall is 
constructed of an 


which is known as the 
ectoderm [7]. This 

is separated from 

the inner layer or 
endoderm [11] by a 
jelly-like layer, 

the mesogloea [1]. 
Coelenterates may 
reproduce by budding 
{10} or by a con- 
ventional sexual 
process in which 
sperm (9) generated 
by a testis [8] ferti 

lize the egg [3] 

shed by an ovary [4] 


7 Reet-building 
corals ~ like those 
of the Great Barrier 
Reef fringing the 
Australian coast ~ 
grow only inthe 
tropical o-eans 
bounded by the 20°C 
(68°F) isotherm 
shown onthe map. As 
the polyps bud and 
divide, so the colony 
‘expands upwards and 
outwards. The re- 
sulting masses of 
imestone long out 
last the polyps that 
secreted them. 
can be 6x: 
ely coloured 
but most are white, 


the nematocyst fires, 
The mechanism 

of firing is not 

fully understood, 
but is thought to 
depend on a sudden 


the capsule. Each 
nematocyst fires 

only once, after which 
itis discarded. 


a 


The jellyfish 


‘The fearsome Portuguese man-of-war might 
seem to have little in common with Hydra, 
the seu anemones and corals, but in fact all of 
them are coclenterates. Jellyfish belong to 
the classes Scyphozoa (true jellyfish) and 
Hydrozoa (colonial jellyfish). The 
Scyphozoa are typically free-swimming and 
belishaped while the conspicuous hydrozoan 
jellyfish are colonies of animals that behave 
4s an individual, Each member of the colony 
is modified to perform a certain function such 
as feeding or swimming, The colonies are 
always free-floating or swimming instead of 
being permanently attached to a rock 


The group 
A seyphozoan jellyfish [Key] and a simple 
polyp such as Hydra are both built with the 
same kind of body plan. In all coelenterates, 
the ectoderm (outer layer of cells) is sepa~ 
rated from the endoderm (inner layer) by 
jelly-like mesogloea. There is so much 
mesogloea in the jellyfish that it makes up 
most of the animal's bulk. 

Jellyfish come in diverse shapes and sizes, 
but all share the basic “umbrella” form, fre- 


1 The life cycle of lized egg grows into 
the Aurelia ciliated larva [B} 
includes the adult which is released to 
medusoid form [A] settle on a rock or 
with four violet, similar surtace (Cl. 
horseshoe-shaped —it grows into.a small 
gonads round its polyp called a scy- 
mouth, Testes and phistoms [D] and at 
ovaries are onsepar- the right temperature 
ate individuals. Sperm divides into eight 
emerges from the armed buds called 
mouth andentersthe — ephyrae [E). Those 
female's gastric break froe [Fl to 
cavity. Each ferti- become adult jellyfish, 


quently with a margin fringed with tentacles, 
The mouth lies at the centre of the subum- 
brella surface, usually separated from the 
gastric cavity proper by an extremely short 
tube, the manubrium, The corners of the 
mouth are often drawn out into trailing 
fronds, the mouth lobes. The fronds consist 
of membrances, folded and narrowing to a 
point. In Aurelia [1}, a jellyfish that swims in 
large numbers round the British coast, these 
mouth lobes bear ciliated (hair-fringed) 
grooves surrounded by nematocysts (stinging 
cells) that paralyse the small prey on which 
Aurelia feeds. The cilia sweep the prey up 
through the mouth and into the gastric cavity 
where abundant stinging capsules paralyse 
any live creature that has been captured. 
The process of digestion then takes place. 
Many jellyfish are bulky and need an effi- 
cient system of moving food, oxygen and 
waste products round their bodies. This is 
provided by a branching series of pouches 
and radial canals that link the central gastric 
cavity with @ narrow circular canal running 
round the margin of the bell. The ciliated 
lining of these canals keeps. current of water 


2 The colonioal kinds of polyps: a 
in Velollais large feeding polyp 
made upofacolony —_just below the float 
thatlivesatthe sea [1]; an outer ring 
surface. itis sup- of protective polyps 
ported by an oval with stinging calls 
float bearing a ver- [2|; and between 
tical sail, which allows these two there is 9 


itto be wind-driven, 
There are three 


pro: 
ductive polyps [3]. 


Circulating freely to carry materials along, 

The free-swimming medusoid (jellyfish) 
stage plays a highly important part in the life 
of the Scyphozoa, Far from acting asa mere 
vehicle for the gonads (sex organs), the 
medusa is the form in which the animal passes 
most of its life. 

Jellyfish swim by a kind of jet propulsion, 
alternately opening and shutting the bell and 
so thrusting themselves through the water. 
The jelly counteracts the movement of the 
muscles, restoring the animal to the open 
shape when the muscles relax, 

An active free-swimming existence 
clearly demands more sophisticated sense 
organs than those that would meet the needs 
of an animal permanently attached to rocks 
or seaweed. Many jellyfish have light- 
sensitive areas near the margin of the bell 
which detect light intensity and thus the sur 
face of the water. A series of ingenious stato- 
cysts (balancing organs) permits the animal 
to stay upright in the water. These two sys- 
tems are important because jellyfish are 
slightly denser than seawater and, asa result, 
sink unless they keep on pulsating. A jellyfish 


enveloping a solid 
hanging granule 
called a statolith 
[2]. When the jelly- 


8 
Qa 


nero 
hydras and coral 
Ani 


h tilts, the gran- 
swings against an 
adjacent sensory pro- 
cess [3] which sends 
nerve impulses to the 
contractile cells of 
the umbrella, Extra 
contraction on one 
side causes th 
fish to right 


® 


that was unable to distinguish “up" from 
“down’" could easily find itself swimming 
directly towards the sea bottom, and perhaps 
away from the habitat of its normal prey. 


‘The hydrozoan group 
The second group of jellyfish, the unattached 
colonial hydrozoans, show an extraordinarily 
advanced degree of polymorphism. Velella 
[2] illustrates several of the polyp types, but it 
is by no means the most complicated. Its 
feeding, reproductive and protective polyps 
hang from the underside of a gas-filled float, 
itself thought to be a modified medusoid, 
Medusoids contribute to the swimming bells 
that propel surface-dwelling hydrozoans, 
which do not rely on the wind for movement. 
Physophora has both a float and swimming 
bells which drag the rest of the polyps behind 
them — an arrangement found in Muggiaea 
except that this has just one large swimming 
bell at the head of the colony and no float 
Physalia, the Portuguese man-of-war, [4] 
is without doubt the best known of the colo- 
nial hydrozoans and its appearance is just 


ably frightening to human swimmers. Its sting 


Sea gooseberry 
Plourotrachia so 


the Ctenophora. It 
swims by co-ordinated 
ing of the rows of 
cilia that lie in 

eight bands stretching 
almost the whole 
distance trom pole to 
pole. Ithas long 
tentacles that sweep 
the water for small 
animals. These are 
periodically "wiped 


‘common, 
in coastal waters all 
‘over the world and 
may grow upto 3.8em 
(1.5in) in diameter 


is extremely painful and the appearance of 
large fleets of Physalia off bathing beaches 
can be regarded as a local disaster. The man- 
of-war paralyses fish — its normal food ~ with 
its long, stinging tentacles and then pulls its 
inert prey in towards the waiting mouths of 
the feeding polyps. 


The comb jelties 

The Ctenophora [5] or comb jellies are a 
group that is separate from the coelenterates 
but has much in common with them, Both 
share the inner and outer layers separated by 
a jelly-like mass. The typical ctenophore 
tends to be rounded with a gastrovascular 
cavity opening from a mouth that is located at 
the lower pole, At the opposite end ~ the 
apical pole — is a small sense organ that keeps 
the animal in balance and corresponds to the 
statocyst of the jellyfish, If a ctenophore has 
tentacles, they are armed with adhesive cells 
that are used in capturing prey. Ctenophores 
are hermaphrodites and shed their eggs and 
sperm into canals underlying the ciliary 
bands. Fertilization takes place in the sea to 
yield a free-swimming larva 


4 Many beautiful 18m (60ft) long. It 


feeds mainly on fish 
up to 30cm (12in) in 
length, Although an 
inhabitant of tro} 


guese man-of-war 
(Physalia 6p) is not cal waters, itis some: 
a true jellyfish but times found in temp- 
a colony of hydro- orate seas. Species 
zoans. The tentacles ssaora, hizo: 
may grow upto about stoma and Cyanea 


Portuguese man ot. war 
nvaalia physalis 7 


, Chiranex 99) 


Key 


‘The diagram of » 


seyphozoan 

shows the gastric 
I1] opening to 
the exterior through 
a mouth [2] 
end of a stalk-like 


are found in the Atlan- 
tic Ocean but they are 
rarely seen close in: 
shore. The 


having & 
bell measuring 3.6m 
(12ft) across, with 

tentacles more than 


rg 


Abizostoma so 


organ (manubrium) 
[4]. The cavity is con- 
tin series of 
ra nals (6), with 
a circular canal [7] 


the bell. The margin 


30m (100ft) long. A 
jellyfish that lives 
inwarm seas and is 
responsible for 


wasps of the tropical 
Pacific are among the 
most dangerous ani- 


bears tentacles and 


The gonads (5) a 
situated below the um- 
brella and open into 
the gastric cavity, 


mals known, despite 
their small size ~ 

an overall length of 
about 30cm (12in).. 
‘They possess a poison 
that can kill @ man in 
10 minutes (and often 


Flatworms, flukes and tapeworms 


Flukes and tapeworms are two groups of 
parasitic animals with deadly potential to 
both man and his domestic animals. These 
creatures whose effects, worldwide, have 
considerable economic significance, are 
placed zoologically together with the fre 
living flatworms in the phylum Platyhelmin- 
thes. All of them have simple bodies and all 
are bilaterally symmetrical ~ that is, the two 
halves that lie on either side of a line drawn 
from head to tail are mirror images. 


‘The life of flatworms 
The free-living flatworms [1] are simple, 
ribbon-like creatures with no circulatory 
system and only a single opening into the gut. 
The inner and outer cell layers, the endo- 
derm and ectoderm, characteristic of the 
coelenterates (the sea anemones and their 
relatives) are separated, however, by a third 
mass of cells ~ the mesoderm. The mesoderm 
is responsible for the formation of muscles 
and reproductive organs. Indeed, the appear- 
ance of true organ systemsis in itself a further 
advance over the coelenterate body plan. 
Most of the free-living flatworms are 


Flatworm Procerodes ittoraliy 


1 The free-living are aquatic, and many 
flatworm named marine. The ribbon- 
Procerodes littoralis like body — which en: 
Growstoalengthof sures that oxygen 
2cm (0.75in) and lives and waste products 
on the rocks of the have only a short dis- 


upper and middle sea- 
shore. It belongs toa 
group called the Tur: 
ballaria, most of which 


is 
rly advantageous 
foran 
circulatory system, 


aquatic; they move by creeping (effected by 
muscle contraction) or by beating of the hair- 
like cilia with which their surface layers are 
usually covered, The flatworm, which is car- 
nivorous, uses its pharynx (the wide cavity 
that links the mouth with the intestine) to 
feed. The pharynx is pressed on to the food, 
then with muscular movements particles are 
torn off and passed into the intestine, 
Indigestible material is voided back through 
the pharynx and ejected. 

Flatworms are the most primitive group 
of animals to possess a proper excretory 
system; tubes running down cither side of the 
body and opening to the exterior by 
excretory pores serve to link a series of 
“flame cells”. These cells, so called because 
of the bundle of hair-like cilia constantly 
flickering within them, are thought to reg- 
ulate the worms’ water content. 

A concentration of nervous tissue at the 
front of the flatworm [2] forms a brain into 
which run the nerve bundles from two primi- 
tive eyes. Most species tend to shun the light 
and track down food largely by the use of 
organs sensitive to chemicals (chemorecep- 


* 8) (10) 


qfo=2— 
7 _— 


3 The flatworms have 
remarkable powers of 
regeneration. Cut into 


often divide asexually 
by pulling themselves 
in two. The adapta- 


three, each segment —_ bility of the group 
will form a whole \s further demonstra- 
new worm. Indeed, ted by starving them; 


free-living flatworms —_ when food isin short 


4 The liver fluke 
(Fasciola hepatica) 
is parasitic in the 

bile ducts of cattle 
and sheep, Its 

bowers of reproduc. 
tion are enormous; it 


‘swimming larvae that 
enter the intermediate 
host, a freshwater 
Further 

changes take place 
until a tiny, tailed ver- 
sion of the adult fluke 


may produce over bores its way out of 
40,000 eggs that leave the snail and crawls 
the host with its up the stem of 

faeces, The eggs before being eaten 


hatch toform free- by another sheep, 


16 


‘supply they not only 
shrink in size, but 
actually digest their 
‘own organs, 
when times are better, 
the missing organs 


(2) ive in the blood 
vessels of the gut, 
causing abscesses 
and internal bleeding 
(schistosomiasis, 
common in Africa and 
the East). The eggs 
[3] leave via bladder 
or intestine and on 
reaching water hatch 


tissues of a snail. 
Further devolopment 
15, 6) gives rise to 
other larvé 
740 
water and reinfect 
another man by bor. 
ing through his skin, 


tors). Flatworms respond rapidly to water- 
borne chemicals released by a potential food 
source. As soon as they become aware of 
even a weak solution of (hese chemicals, they 
move towards the higher concentration 


The life of flukes 

The simplest form of parasitism is attachment 
to the outside of the host’s body and a 
number of flukes have adopted this style of 
life. Gyrodactylus, for example, can be found 
attached by suckers and hooks to the gills of 
the fish on which it feeds. But more impor- 
tant to man are the internally parasitic flukes 
such as Schistosoma [5], the genus respon- 
sible for bilharzia or schistosomiasis, and the 
liver fluke Fasciola [4] which commonly 
infects the bile of sheep. 

Apart from the obvious need to attach 
themselves to their host and feed, the 
requirements of internal parasites are fairly 
simple. Thus the organs of movement, diges- 
tion and sense are reduced and the surface 
cilia are replaced by a tough cuticle 
Reproductive organs, on the other hand, 
must be enlarged hecause the offspring of the 
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CONNECTIONS 


Soe also 
Theanimat 
kingdom 
Animal anatomy 
Earthworms, 


Invertebrate 
oddities 


2 The turbellarian 
flatworm has sensory, 
reproductive and di- 
gestive systems. The 
head has eyes |1) over 
2 brain (2] from which 
run a pair of nerve 

3]. A pharynx 
that can turn inside 
out [4] opens into a 
branching gut [5). All 
speci hermaph: 
rodite with ovaries |6) 
and testes [7], A gen- 
ital pore [8] leads to 
the genital chamber 
[9] in which lies 

the penis [10]. On pass: 
ing down the oviducts 
[11] the eggs are fed 
by yolk glands [12], 


parasite face severe hazards as they search 
for a new host, Alll flukes, therefore, have 
massive and prolific organs of reproduction 
which ensure that even if 99 per cent of the 
eggs are lost a few will survive to enter the 
body of another host, 

The animal harbouring the adult fluke is 
said to be the “final” host. To facilitate 
transmission between final hosts there may 
be one or more intermediate hosts. Schis- 
tosoma [5] uses just one intermediate; the 
Chinese liver fluke (Clonorchis) uses two ~ a 
snail followed by a fish. These intermediates 
are themselves used as staging posts in which 
the larval parasites pause in their reproduc- 
tive progress while continuing to multiply 
their numbers still further 


‘The life of tapeworms 
In the tapeworm [6] simplification of the 
anatomy is carried still further. A digestive 
system is absent ~ for an animal that lies 
bathed in the predigested contents of its 
host’s gut has no need to do more than absorb 
the necessary food. Only the head of the 
tapeworm [8], armed with hooks and sucke 


6 The pork tapeworm 
(Taenia solium) is 
parasitic in man and 
may reach a length 
of over 4m (14ft), The 
intermediate host 


isthe pig, which be- 
comes infected 
through eating human 
faeces. Reinfection 

of man can be avoided 
by cooking pork well, 


Pork tapeworm 
Tenn solu 


rrr by 


it extremely difficult 
to remove, even by 
drugs designed for 
this purpose. And as 
long asthe head 
remains, a new 

tape can always grow, 


‘of a tapeworm is the 
point of attachment 

to the host. Hooks 

and suckers hold the 
worm firmly to the 
wall of the gut, making 


is attached to the host. For the rest, the 
animal is simply a succession of separate seg- 
ments or proglottides (9}, formed by budding 
of the upper end of the tape, trailing free in 
the host's intestine. 

Fertilized tapeworm eggs, surrounded by 
yolk and a protective shell, are stored in the 
tapeworm’s uterus. At the end of the tape 
each segment is effectively a sac of eggs; a few 
segments at a time become detached and pass 
out with the host's faeces. Like the flukes, 
tapeworms [7] may have one or more inter- 
mediate hosts. Diphyllobothrium, the fish 
tapeworm found in the intestines of men, 
dogs and cats and which may be up to 27m 
(89ft) long, has two intermediates; Taenia 
solium, the pork tapeworm, has only one. 
The eggs of Taenia shed from the human gut 
hatch only if eaten by a pig. The pig's diges- 
tive juices dissolve the shell and a small six- 
hooked embryo emerges to bore its way 
through the intestine, enter the blood-stream 
and so reach a region of muscle. There it 
encysts as a bladder worm [10], so remaining 
until eaten by another human when the life 
cycle starts again. 
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Three groups of ani- 
mals — free-living 
flatworms, para- 
sitic flukes and tape- 
worms - compris 

the Platyhelminthes, 
‘Some of the best 
known of the Platyhe! 
minthes are parasitic 
and these offer an 


‘9 Apart from the 
eretory canals (9) 
and nerve cords {10} 
8 tapeworm segment 
is largely reproduc: 
tive organs, A branch: 
ing testis (6) leads 
into a sperm duct [5], 


together with a vagina 


13], this opens into a 
genital pore [4]. Eggs 
from the ovaries 

[2] receive the pro- 
duets of shell [1] and 
yolk {11} glands. The 
uterus [7] stores 
young embryos (8) 


10 “Measley meat” is 


infested with large 
numbers of cysts of 
tapeworm larvae. 
Cooking kills them, 


excellent illustration 
of the modifications 
most characteristic 
of a parasitic 

way of life, Thus 
the flukes have 


hooks and suckers, 
complex repro. 
ductive systems and 
reduced sensory 


Fluke 


equipment, while the 
segments of the tape: 
worm are devoid even 
‘of a gut, because food 
exists in their 
environment ready 
made. These crea- 
tures are little more 
than bags containing 
reproductive organs, 


7 The broad tape- 
worm (Diphylloboth: 
rium latumn)is.@ human 
parasite with two in: 
termediate hosts; the 
water flea and many 
freshwater fish of 
Europe, the Ameri 
cas and the Far East 
The adult worm [1] 
lives in man’s intestine 
where it may grow to 
a length of many 
metres. The terminal 
segments — shown on 
larged [3] ~ detach and 
a8 many a8 13 million 
eggs [2] may be 
discharged every day 
in the faeces. In 
water the eggs hatch 
into embryos [4] and 
are eaten by water 
fleas; here they devel 
‘op into the first larval 
form {5}. if the flea is 
eaten by a fish the 
larvae penetrate its 
tissues to forma 
secondary larva [6] 
Han infected fish 

is then eaten ur 
cooked by aman 
these secondary lar: 
vae are released. 
Using their small 
hooks they attach 
themselves to the wall 
of the gut and de: 
velop into adult 
worms in about three 
weeks, whereupon 
the cycle restarts, 
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Earthworms, ragworms and roundworms 


and earthw th 
worms, grouped together zoologically 
with the leeches in the group or phylum 
Annelida, These worms number more than 
9,000 species and although they are found all 
over the world, in fresh water, in seawater 
and on land, they are far less widespread than 
the 13,000 species of roundworms [Key] 
Almost every habitat has been occupied by 
round or nematode worms, which are for 
mally in the class Nematoda, the largest sub 
division of the phylum Aschelminthe 


The life of roundworms 
Nearly all 


ertebrate animals, and many 
invertebrates, have parasitic roundworms 
living within them. The roundworms most 


important to man are parasitic species that 
se disease. The intestinal inhabitant 
Ascaris lumbricoides sometimes causes pain 
ind diarrhoea, usually in children [4], while 
Wuchereria bancrofii is the causative agent of 
lephantiasis. Hookworms, guinea worms 
6], whipworms and giant kidney worms ate 
all nematodes that cause disease in mai 
Other nematodes are free-livi but 


1 Roundworms and ner “splanchnic 
earthworms show mesoderm gives rise 
distinct difference to. a muscular layer 
 earthworrn (8) around the in 
has atruecoelom [1], tine [3] whit 
a fluid-filled body outer "somatic" layer 
avity formed bythe has longitudinal [4 
iting of the me and circular [5] 
Mintoinnerand muscle layers, There 


ee ot be 
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Wherever they occur they do so in large num 
bers. A ndful of in 
several million of them 


oil may ec 


Adult roundworms ire generally spindle 
shaped [1], They have ¢ 
walls which restrict their 


hin, inflexible body 


vements to whip: 
like body contortions. Most possess a simple 


tubular tract 


alimentary and a primitive 
excretory system consisting of un H-shaped 
trrangement of canals that opens via a pore 
at the front of the body. The high pressure of 
body fluids probably forces excreta into the 
body 


canals and out of the The ner 
ystem is also built on an H-shaped plan and 


‘ous 
system is a round 
worms have sensory structures that respond 
to touch, chemical and light stimuli 


imple one 


In many roundworms, including the 
human (and animal) parasite Ascaris lum 
bricoides, the tWo sexes are separate and 
males are smaller than the females [4]. Males 


are equipped with only a single testis, females 
with a pair of ovaries. During copulation the 
male perm 


njeet into the female, The 


fm crawl like amoebae towards the eggs 


and fertilization takes place within th 


9 [6]. A female cular coat and only 


Ascaris |A], a para longitudinal muscle 
sitic roundworm of bands (4) are present 
man, has a pseudo Blood vessels (8. 9) 
coelom [7], a cavity and developed excre 
formed by the coales- tory organs [10] are 


ing of fluid-filled 
s within the 
joderm 

3} lacks a mu: 


present only in the 
Nerve cords 

[11] are present 

in both groups 


The int 


my 
\| 


2 The earthworm is 


an hermaphrodite 
rganism., However seminal vesicles [2 
elf-fertilization is, The vasa deferentia 
6. The earth [3] conduct sperm 


worm’s intornal repro- from testes sacs (4 


ductive organs consist to the mal 


of many paired struc- on the lower surf 

tures (side B, top C). (segment 15). in re 
he testes (1 ceptaces (segments 
vale ger are 9, 10) partners’ sperm 


tellum [10], the re 
gion of glandular epi 
dermis that secretes 
the cocoon, During 

mating the clitellum 
rests agai 

area of genital open 
ings of the part 

ner. After exchange 
of spermatozoa 


and these 
he f 


n segment 14) 
1e oviduets (7), 
ternally [A] th 


of oviducts. 
vasa defer 
entia [9] are visible 
as well as the cl 


female. The female Ascaris can lay up to 
200,000 eggs a day and these are eliminated 
in the faeces of the host. Characteristically 
parasitic nematode worms have very com 


plex life cycles, often involving more than 
one host and several developmental st 


In hermaphrodite roundworms 
both testis and ovaries are present, sperm are 
produced first and then stored 


where 


As eggs are 


released stored sperm fertilizes them. In all 
species fertilization produces a zygote, which 


becomes sed in a 


ene protective cyst 


Juvenile worms grow inside these cysts but on 


escaping they pass through as many as four 


larval stages before becoming adults 


Bristleworms, earthworms and leeches 
Segmented worms are divided taxonomi 
into three classes. The polych 


ally 
eles ~ the rag. 


worms or bristleworms ~ are predominantly 
marine and have bristle-covered 
on th the parapod 
include the burrowing lugworms (Arenicola 
spp), tube-formin; 
Sabella spp and Serpula spp, and the more 
mobile ragworms (Nereis spp) [10] and 


paddles 


body Bristleworms 


fan worms [8]. such as 


3 Mating in earth. the body to the 
worms begins with the rec 
formation of a mucou The 
‘ound worms then separate, 
the front portion: The clitellum then 

of two worms close secretes a mucous 
together. Sper sheath, which glides 
released from the down the body picking 
vasa de up ripe eggs from 

the oviduets and 


sperm 


pracles of the 


annelid partner 


ontia 
pass along grooves in 


CONNECTIONS 


Seeaiso 
Theanimal 
kingaom 
Animal anatomy 
Theseashore: life 
between the tides 
Invertebrate 

diie 


sperm from sperm 
receptacles, Once the 
sheath leaves the 
worm, it becomes 
sealed, forming a 
cocoon. Fertilization 
then takes place and 
zygotes are formed, 
From these, smal 
worms rapidly grow. 


4 The parasite Asco. 
ris lumbricoides in 
habits human and pig 
intestines where itis 
harmless except in 
large numbers, when it 
blocks the gut. The 
female roundworm 
grows to 30cm (12in): 
the male 


is shorter 


5 The sea mouse or 
aphrodite (Aphrodita 
aculeata) is an un- 
usual polychaete 
annelid worm found 
on the sea-bed just 
offshore in temper 
ate waters where it 
feeds on dead ani 
mals, These crea 
tures, which measure 
7,5—1¢m (3-6in) in 


length, are occasion. 
ally washed up on 


among its irides 
cent hairs are dark 
hollow spines thought 
to contain poison. If 
spines penetrate and 


they cause injury. 


palolo worms. ‘The class Oligochaeta con 


tains earthworms (Lumbricus spp) and fresh: 

water worms such as Tubifex spp. These lack 

parapodia and possess only a few bristles. 
Earthwor 


are nocturnal 


burrowing 
only after 
has cut off their 
thworms feed on 


animals and come to the sur 
heavy rain, 


when 


he wate 
underground air supply, Ea 
plant and animal matter 


burrowing 


decay and soil 
Their cultivation by 
allowing more air and water to reach the soil 


aids soil 
The third class of segmented worms, the 


Hirudinea or leeches, are flattened animals. 


Some are parasitic but many others are free 


living. Parasitic leeches live outside their 
and suck their blood. Leeches [7] 


always have bodies divided into 33 segments 


hosts 


In parasitic species the gut is merely a reser 
voir for readily digested food 

The bodies of all annelid worms consist of 
rows of identical segments, The body wall is 
with circular and longitudinal 
muscle layers and the intestine is surrounded 
by a thick musculs 


equipped 


coat [1]. There isa simple 


blood circulatory system and a digestive 


system consisting of a tubular tract modified 


6 Guinea worms are 
parasitic nematodes 
(Dracunculus medin- 
ensis) that live 

under the surface of 
human skin [A]. The 
male [1] fert 

lizes the female, 

then dies. The fe 

2] lives on, 
producing millions 
of active larvae, As 
those form the female 
stops eating and mig 
rates to nearer the 
surface, usually in 
the lower leg, where 
a blister develop 

The blister bursts 
when the leg is im: 
mersed in water, 
during swimming or 
bathing, and the 
larvae are discharged 
[3]. They readily 

curl up [4) and are 
swallowed by the 

8) in which 
develop |5, 6 
will infest a mi 


coan Cyclops 
These 


who drinks the water 


according to the feeding habits of the species. 
The excretory and nervous systems are also 
in segments. The nervous system is composed 
of a nerve cord along which are spaced 


concentrations of nervous tissue 
within each segment 


the ganglia 
The ganglia of the 
front segments, however, have become com 
bined together to form a primitive “brain’ 

This is concerned mainly with relaying mes: 
sages from the touch, pressure, temperature 
and light receptors on the body wall 


Reproductive behaviour 
The reproductive behaviour of annelids is 
varied [3]. In bristleworms sexes are separate 
and testes or ovaries are present in most body 
ments, Gametes are released as the body 
splits open and fertilization occurs externally 
Earthworms and leeches are hermaphro: 
dite and gonads are present only in specific 
segments, 


Self-fertilization iy rare and 
copulation involves a pairing up of worms 
during which exchange of sperm takes place 
Subse 


into @ 


ently sperm and eggs are released 
mucous bag and, once this has left the 
parent worm, fertilization occurs. 


8 Feather worms are 9 
polychaetes of the 
order Sedentaria 

so named as they live 
permanently within 
tubes which they 
build in the sand 

The front portions 

of their bodies 

are above the sur 
face and bear many 
feather-like struc- 
tures that function 

as respiratory gills 
and food collecto 
Beating cilia cover 
ing the gills direct 
small organisms to. 
wards the mouth, 
The worms shown 
are Spirographis sp 


9 Giant earthworms 
such as this Mega- 
scolides australis 

live only in moist 
tropical regions. 
They can grow to as 
much as 3,6m (12ft) 
in length. Also shown 
are two common earth 
worms which rarely 
grow to more than 
15cm (6in) in length 


The annelids ai 
roundworms com: 
prise over 22,000 


animal species. 


The marine ragworm, 


the red earthworm 
and the leeches are 
all repre 

the phylum Annelida 
This round-or thread 


7 Leeches are com 
mon in tropical and 
mperate region: 

freshwater habitats 
and feed on a var 
small animals 
das 
external parasites and 
suck the blood of ani 
mals. They wore on 


used for medicinal 
bleedings. Leeche: 
attach themselves 
with suckers at 


he body 
The anterior sucker 


surrounds the mouth, 
(right) which, in many 
leeches, is armed 


with three saw-like 


10 Ragworms (Nereis 
spp)al 

chaetes, They live in 
burrows in thi 

in fine sand on the sea 
shore, occasionally 
pushing their heads 
surface to 
e-like Mo: 
sof their bodies 
ate currents 

that draw water 


» marine poly 


mud or 


the human i 


worm is a para 
Aschelminthe 
often inhabit 


teeth. As the 


inflicts a wound, as 


this human arm, i 
jects a blood ant 


‘oagulant ~ hirudin, 
At a single meal a 
leech can take ter 
mes its weight in 
blood, securing food 
for up to nine month 


through the burrows 
bringing in fresh sup. 
plies of oxygen and 
arrying away carbon 
oxide and nitrc 
genous wastes. They 
are predators, teed: 
ing on small marine 


animals, but they 
aiso consume plank 
tonic organisms and 
detritus from the mud 


a 


Land and sea snails 


Molluscs, which number more than 80,000 
known species, are a group of extraordinary 
diversity, encompussing creatures as diffe. 
rent as the periwinkle, the clam and the giant 


squid. Traces of th 


¢ basic molluscan plan can 
be detected throughout all members of the 
group, but this is often greatly modified. 


The molluscan body plan 

In essence. molluscs [Key] are soft-bodied 
creatures with a visceral mass containing such 
organs as those of digestion and reproduction 
covered by a sheet of tissue called the mantle. 
A space enclosed by the overlap of the 
mantle js called the mantle cavity. The tissue 
layer covering the outer surface of the 
mantle, the epithelium, secretes the shell 
which is usually calcareous and is one of the 
group members’ most immediately abvious 


ith the visceral mass lies 
fleshy muscular pad of tissue often 
important in movement. 


characteristics. Ben 


the foot, 


The basic body plan is most easily recog- 
nized in the rather specialized chitons [1] 
The digestive system has a mouth (bearing 

tongue” or radula for feeding), stomach, 


Ce 
epee aC 

sha oer eerace 

pti ie 
eileen 
pill 
Aerpcet 
Specter 
eee eee 
mouth [4] leading 
ie a 
i hauosons te 
raed amet 


Section ¢ 


gestive lan 


Foot! 


exer 


Anu 


3 The anatomy of » 
snail shows a wel} 
developed head with 
sensory tentacles 
and eyes. The foot is 
flattened and use 
for creeping. The lay: 
out of the internal 
organs is asymmetri 
cal because of torsion 
and the coiling of 

the visceral hump. 


within the shell. The 
‘mouth, inside which 
lies the radula, opens 
into an oesophagus 
that leads to the 
stomach and gut. Be 
cause of the changes 
due to torsion the 
anus opens towards 
the front of the ani- 
mal instead of at the 
rear as in chitons. 


intestine and anus discharging into the 
mantle cavity, Chitons heart and 
blood vessels that make for a simple cir- 
culatory system, paired excretory organs, 
gills that project out into the mantle cavity 
and 4 nervous system with 
(concentrations of 
cords. In the course of the chiton life cycle, as 
in other molluscs, the fertilized egg develops 
into & so-called trochophore larva that swims 
by means of the bands of beating, hair-like 
cilia that surround its body 


have a 


ganglia 
and nerve 


nerve cells) 


Torsion and its effects 

At first glance, at least a few of the gas. 
tropods (molluscs with a broad, flat foot and 
undivided mantle) appear also to have stuck 
fairly closely to the basic mollusc plan. The 
limpet [2]. for example, has a simple conical 
shell and an apparently straightforward 
anatomy. On close inspection, however, that 
anatomy is not so simple as it first seems. 
During development from the larva the 
whole of the visceral mass becomes twisted 
upon the foot. This process, known as tor 
sion, has several predictable consequences 


2 The gastropods 
have exploited many 
habitats and adapted 
-ordingly. Limpets, 
with their coni 
Shells, are some of 
simplest of them. 
More widespread are 
gastropods with coiled 
Shells. Some, such 
as the whelk, inhabit 
the sea; others live 
In fresh water and on 
land. There are tree 
snails, marshland 
‘ snails and even those 
that live in sand 
dunes. A few gastro: 
pods, such as slugs, 
have abandoned their 
shells altogether 


Chiton sp 


Vagina 


Penis 


Mouth— 


|| 


Eye 


Most gastropods ras: 
pire through a gill 
located in the mantle 
cavity, but in the 
pulmonate group to 
which land snails be 
Jong, this organ has 
been lost. Instead, 
the lining of the 
mantle cavity is liber: 
ally supplied with 
blood vessels, the 


whole surface acting 
asa lung, Air moves 
in and out through a 
small opening called 
the pneumostome 
The nervous system 
is made up of paired 
cerebral ganglia ad: 
jacent to the oeso: 
phagus, and nerve 
cords reaching to the 
foot and the viscera 


The gut, instead of being straight, performs a CONNECTIONS 
U-turn while the nervous system, its cords no SSeeties 
longer parallel, is twisted into a figure-of. Lite betweentwo 
eight. Most striking is the repositioning of the Rauteund 
gills and the opening of the anus into the octopuses 

Sheits of the worid 
mantle cavity; both are now at the front wees 
instead of the back. kingdom 


Torsion is without doubt the most bizarre 
event in the life of the 


between the tides 


: gastropod, It may have 


stemmed from the evolutionary advantages Sioglaestied 
of a clean flow of water into the mantle cavity animats 


and over the 


gills and in the larval stages in 
the provision of protection for the head 

The mechanics of torsion are simple but 
elegant, The trochophore larva develops into 
4 further form, the veliger, characterized by 
expansion of its areas of cilia. The rudiments 
of the adult shell and foot also become appa- 
rent, Then, with the head and foot remaining 
ionary, the viscera rotate through a half 
circle, bringing the mantle cavity both for 
wards and upwards i 


sta 


aresult 


Shells and their loss 
The other factor that makes recognition of 
the mollusc body plan difficult in many gas- 


2 


Umpet 
Patella so 
Land snail 
Helix sp. 


Slug 


Whelk 
Buccinum so 


4 The radula of Lim- 
naea, like that of all 
gastropods, is a file 
like rasping organ 
rooted within a sac 
just inside the mouth, 
itis especially well 
developed in species 
such as limpets, which 
graze on the algae 
growing on rocks. As 
the radula moves back: 
and forwards 
out of the mouth, so 
the food is scraped 
and macerated. Event 
ually, the radula and 
its teeth are worn, 
down. To counterac 
this, more teeth are 
constantly formed, 


5 Asnail creeping 
across glass shows 
that it proceeds by a 
series of wave-like 
muscular contractions 
in the undersurface 
of the foot. These 
waves can be sten to 
originate at the rear 
of the animal and to 
pass forward along 
the length. Copious 
secretions of mucus 
thoroughly lubricate 
the surface of the 
foot, aiding its pro: 
gress and giving it 
improved adhesion 
with the base. Most 
other gastropods 
also follow this 
characteristic means 
of locomotion. 


tropods is the coiling of the shell, This has 
been achieved by a loss of symmetry in the 
visceral mass and the disappearance from 
some of the paired organs of one member 
But odd though the coiling may seem it isan 
arrangement that is far more satisfactory 
than mere elongation of the shell to an 
unwieldy length. 

The snails [3] in particular have proved 
remarkably adept at exploring new habitats, 
both aquatic (marine and freshwater) and 
terrestrial. Yet the move to land is always a 
difficult one, and in the case of the gastropods 
has demanded sacrifice of the gills in favour 
of a kind of air-breathing lung. 

A shell undoubtedly confers favours upon 
its owner in the way of protection and sup- 
port. But it also restricts mobility. Asa result, 
some groups ~ such as the land and sea slugs ~ 
evolved a reduced shell, or lost it altogether. 

Sea slugs belong to the opisthobranch 
division of the gastropods and include some 
of the more colourful and unusual species 
such as the Spanish dancer (Hexabranchus 
sp) [11]. ociated with the reduction or 
loss of the shell in opisthobranchs are two 


ss The courtship rit- 
ual of the snail [A] 
must be among the 
strangest of the whole 
animal kingdom, Two 
‘nails will approach 
each other with the 
openings to their 
genital ducts con 
veniently exposed 
‘Among the glands 
‘emptying into the 
genital atrium isa 
‘sac that secretes a 
small calcerous dart. 
When the two snails 
are close enough, 
‘each shoots its dart 
into the other's body, 
probably stimu: 
Justo copulation 


\ / | 8 The slipper limpet 
(Crepidula sp) is 30 
called because of a 
Jedge Inside the shell 
| that makes it look 
like an upturned 
slipper. Crepidula is 
a static creature 
that tends to live 
chains of up to nine 
‘oF ten individuals. 
Younger arrivals 
settle on the backs 

of their elders. The 
sex of each animal 
depends on its posi- 
tion in the chain, 
fornales at the bot- 

‘ tom, males at the top. 
Crepidula thus chan- 
-~ ges its sex with age, 


6 The shelled sea 
butterfly (Limacina sp) 
belongs to an unusual 
group that swims by 
means of a flat elong 
ation of the foot 

‘The downward thrust 
of these “paddies” 
[1, 2] provides lift, The 
paddies are thon 
looped upwards in a 
slower recovery 
stroke (3-5] and 

the cycle is repeated. 


further changes: the uncoiling of the visceral 
mass and unwinding or detorsion, The 
change restores some measure of the lost 
body symmetry 

The gills, again as a result of shell loss, 
visible in many members of this group, But in 
one division the “gills” covering the upper 
surface do much more than respire. Indeed, 
by origin they are not really gills at all, but 
outgrowths of the body surf led 
cerata — each of which enclose an outgrowth, 
a branch or diverticulum of the gut 

Members of this opisthobranch group 
that feed on coelenterate polyps such as 
Hydra (relations of sea anemones) are 
somehow able to remove their stinging 

cells” —(nematocysts) undamaged and 

transfer them to the gut diverticula in the 
cerata. The sea slug ingeniously makes use of 
its vietim’s defences to defend itself. When 
the animal is attacked it exudes nematocysts 
through small pores in the cerata. A predator 
taking in water containing these nematocysts 
is stung, And if the attacker persists, it may 
provoke the harassed mollusc into detaching 
whole cerata full of poisonous stinging cells 


wey 
Nervous system. 


Renal sac (kidney) 
Heart 
Stomach. 


Shell 


Foot 
Mourn 
Radula 


Mantle cavity 
cu 
Rectum 


section through a 
generalized mollusc 
shows the body mass. 
protected by a shell, 
comprising three 
components; head, 
visceral mass and a 


large muscular foot 
The mouth leads toa 
stomach and intes: 
tine, which dischar- 
ges through an anus, 
Respiration is 
through gills in the 


mantle cavity. All 
molluscs are vari- 
ations on this plan, 
although it is more 
obvious among 

chitons than in the 
squid and octopus. 


Some gastropods Vagina 
have separate sexes, © Dart sac 
but snails are her Sperm 
maphrodite [B],an Panis: duet 

ovotestis producing Genital pore, Oviduet 
both sperm and eggs. Seminal 
At copulation the vesicle 


Albumen 


ich partner 


vagina of the other 
and sperm is trans: 
ferred in a packet 
called 8 spermato- 
phore. Sperm is then 
stored in a special 
chamber, the sperma. 
theca, from which it 
is roloased as re 
quired, The ferti 
lized eggs are laid 
in holes in the soil 


Ovotestis 


9 The great pond 
‘snail (Limnaea stag 
nalis) prefers to 

live in almost stag: 
nant water in ponds 
and ditches. Its gel 
atinous egg masses 
are laid on any 

solid object that 
happens to be avail 
able, usually some 
kind of water plant 
Many gastropods lay 
their oggs in this 

typical kind of mass 
One of the more fami 
liar sights on the 
sea-shore isthe 
‘empty case of the 
egg mass of the 
whelk (Buccinum sp) 


10 Colour in gastro- 
pods is not confined 
to the shell. The 
Western Australian 
species Amoria grayi 
has a slim, transl 
cent, yellowish shell, 
while its body is 
covered with rust 
coloured striations. 


111 The Spanish dan- 
cer (Hexabranchus 
sp) is an inhabitant of 
the Great Barrier 
Reef of Australia, 
Shell and mantle 
cavity have been 
Jost and the animal 
has reassumed bilat: 
eral symmetry and 
become slug:tike 

in its appearance. 


See 


Life between two shells 


The shelled animals ~ the molluscs — are sub- 
divided into three main groups: the snails or 
gastropods and octopuses, or 
cephalopods; and the bivalves. The bivalves 
include representatives that are interesting in 
their ways of life (the rock-boring piddocks), 
their appearance (the razor shell) and 
gastronomically (the mussel, the oyster) 


the squids 


Bivalves, as their name implies, have har 
dened, calcium-containing shells like those of 
snails, but instead of being in one piece and 
coiled these are divided into right and left 
halves. The two shells are joined along their 

back” or dorsal margin by a horny hinge. 
When the animal is relaxed and feeding there 
iy @ gap between the two halves; when it is 
disturbed a pair of powerful muscles attached 
to the shells pulls them tightly together 


Structure of bivalves 

The bulk of the bivalve body lies towards the 
hinge of the shell and is covered by a struc 

ure called the mantle. This grows outwards 
on either side of the body and forms a lining 
to the inside of both shell halves. Indeed, its 
the tissue lining or epithelium of the mantle 


pand on such factors 
as the force of wave 
action, tidal move 
ment and the nature 
of the substrate 

The pearl mussel 
(Margarititera sp) [A\ 

8 a freshwater spe: 
cies, The swan mussel 
(Anodonta sp) (B) and 
the river pea mus: 

sel (Pisidium sp) [C} 
are both frashwater 
species but can also 
be found in the lower 
reaches of tidal riv. 

ors, The oyster (Ox 
trea 9p) |) lives in es 
tuaries and creeks. 
while the common 
cockle (Cardium edule) 
| can be found on the 
middle and lower 
shore. The pod razor 
(Ensis siliqua) [F] 

nthe sand 
of the lower shore, 
The scallop (Pecten 
maximus) [G} lives 
in offshore waters, 


moditied to act as a 
drill by which its 
wormlike body is 
able to penetrate 
wooden pilings and 
ships’ hulls doing 
much damage in the 
process, As the bi 
valve grows it 
lengthens its bur 
row, lining it with 

a calcareous layer 


2 Many bivalves bur 
row in sand or mud 
but a few species 
spend their lives in 
submerged wood or 
even rocks. The ship. 
worm (Teredo navalis) 
[A] measures upto 
300m (12in) in length. 
The Teredo shell is 
much reduced, the 
halves having been 


that is responsible for secreting the shell, A 
muscular foot ~ flattened from side to side 
extensible, and often used in burrowing — 
Projects from the body the 
separating the halves of the mantle 

If one shell and half the mantle of a 
bivalve are removed the most obvious struc 
lures exposed are the gilis which, besides 
serving as organs of respiration, are used in 
feeding. Bivalves are filter feeders [3] 
Tubular extensions of the mantle form a pair 
of siphons, one for the entry of a current of 
Water, the other for its exit. This current is 
maintained by the beating action of hair-like 
cilia with which the gills are liberally covered. 
Water is drawn in through tiny pores in the 
gills and eventually ejected by way of the dis- 
charge siphon, Particles of food are strained 
out and trapped in the layer of sticky mucus, a 
substance similar in consistency to human 
saliva, that covers the gill surfaces. 

From there trapped food passes to the 
edge of the gills farthest away from the hinge 
and larger particles such assilt fall off into the 
mantle cavity. The remainder, still entangled 
in a string of mucus, move forward to the 


into cavity 


Vem 147in) tong 


secreted by the man. 
tie. Even more re- 
markabie is the pid: 
dock (Pholas dacty: 
Jus) {B] which bores 
its way into rock, us: 
ing its foot as a lever 
it moves its shell 
backwards and for. 
wards to scrape the 
rock and slowly 
hollow out a burrow 


Palps surrounding the mouth. Further sorting 
then takes place and selected particles enter 
the mouth and pass into the stomach and gut 
for digestion. 


Digestion and reproduction 

A gland surrounding the stomach is the chief 
organ of digestion in bivalves, but projecting 
into the stomach, from an intestinal pouch at 
one end of it is the crystalline style, a 
gelatinous rod containing carbohydrate- 
splitting enzymes. Cilia in the pouch make 
this rod rotate continually and its free end 
rubs against an area of the stomach known as 
the gastric shield. As the crystalline style is 
worn away so the enzymes it contains are 
Feleased into the stomach contents. Diges 
tion is completed in the intestine, which fol 
lows a tortuous course to the anus. This opens 
into the mantle cavity near the discharge 
siphon, thus ensuring removal of faeces in the 
outgoing water. 

Paired excretory organs lie on either side 
of the heart and a “kidney” in each extracts 
waste products and discharges them, via a 
bladder, into the gill passages and thence to 


‘em (4in} long 


4 


/ 
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Squids and 
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3 Bivalves are filter 
feeders |A); they ex 
tract food from water 
drawn into an entry 
siphon |1}. By view. 
ing a clam with its 
shell removed | 
can be seen that the 
water moves across 
Mucus-coated gills 
[2], The food par 
ticles in the water 

are trapped by the 

| mucus and swept by 
} ciliary action [3] 
towards the mouth, 
The filtered water 
and rejected food [4] 
move out through the 
discharge siphon [5} 


the exterior. Bivalves have a three- 
chambered heart whose single muscular ven 
tricle pumps blood into arteries that run to 
the foot, mantle and the body organs. Many 
of the tissues of the body are permeated not 
by capillaries, as in higher animals, but by 
blood spaces or sinuses. Sinuses in the foot 
enable sand-burrowing — the foot swells and 
clongates as extra blood is pumped into 
them. Blood then returns via a series of veins 
to the paired atrial chambers of the heart 
Bivalves have simple reproductive sys 
tems with paired gonads and no glands. The 
sexes are separate and most allow the sper 
matozoa and ova to escape into the water 
where, in marine species, they form part of 
the plankton, Some freshwater bivalves 
brood their young. while others release a 
larval stage called a glochidium that passes 
through a brief parasitic phase before 
assuming an independent adult existence 


Methods of movement 

Sedentary bivalves, such as mussels, spend 
their lives attached to a firm base such as a 
rock by a bundle of threads called the byssus, 


These threads are secreted by a gland in the 
foot and anchor their owner with surprising 
strength ~a necessity if the animal is to avoid 
being swept away by the force of the waves. A 
more common mode of life, found in such 
bivalves as the cockles and razor shells, is 
sand-burrowing [5] by means of a mobile 


foot 


The depth of burrowing varies amos 
species but the deeper penetrating forms 
often have long siphons for obtaining surface 
water for respiration and feeding 

In contrast to the sand-burrowing species 
the shipworm burrows into wood by back and 
forth rotation of its shells —it literally drills its 
forwards. Some piddocks can even 
burrow into rock. The piddock must period 
ally cease boring and project the edge of its 
mantle on to the shell surface to deposit a 
fresh layer of calcium carbonate 

In most bivalves the head is reduced or 
absent and sensory organs are generally 
insignificant, But the animals do react to 
water-borne chemicals and to light. Some of 
the razor shells in particular are extremely 
sensitive to vibration and will vanish rapidly 
down their burrows if they are disturbed 


way 


pear! with its own, 
covering or epithe 
lium [8]; this pro: 
ceeds to secrete 
concentric layers of 
pearly material 
actually thin sheets 


isthe result of a 
foreign body ~ often 
9 parasite or a grain 


‘of sand — lodging be- 
tween the shell and 
the epithelium of the 
oyster’s mantic [A] of calcium carbonate 
‘The mantlefirst sur- comparable with 

rounds the embryo _those lining the whole 


6 Scallops are no sense the presence of 
table among bivalves —_ predators ~ notably 
in being able to starfish ~ chemi 
escape predators by _cally. The shell at 
‘swimming™. The onee snaps shut, the 
great scallop Pecren closure of its two 
maximussstarts life halves forcibly ex 
firmly attached toa —_pelling a water jet 
substrate but later and the creature 
detaches totake up escapes across the 
a free life on the bottom hinge first. If 
sea bottom. It can water is expelled on 


serve to isolate the 
foreign body, so pre: 
venting it from harm 
ing the bivalve [C 
Pearls can sometimes 
be found in European 
oysters but they are 
seldom big enough 
to be of much value. 


7 In oysters, as in 
most bivaives, the 
sexes are separate, 
Eggs and sperm are 
shed into the water 
and atter fertilization 
the embryo develops 
into a free-swimming 
trochophore larva 
with vestiges of @ 


7 


either side of the hinge 
the scallop "swims 

in the other direction. 
The queen scallop 
(Chlamys opercularis) 
can even position a 
flap of tissue in its 
mantle cavity to 
choose the direction 
of its water jet 

and thus the direc 
tion af its movement 


Bivalves have cal 
careous shells, the 
two halves of which 
are hinged, and can 
be clased by muscu 
lar action. The gills, 
are used for both 
respiration and feed: 
ing ~ food trapped 
by the gills is 
passed to the mouth 
and gut by hair-like 
cilia, The muscular 
foot is used 

during burrowing, 


shell and a bundle of 
cilia for propulsion 
and feeding. As the 
shell enlarges so 
the second or vel 
ger larval form 
develops, This has a 
well-muscled foot 

a shell and internal 
organs. The spat or 


young oyster remains 
free-swimming for 
some two weeks be 
fore settling down 
and attaching itself to 
abl 

Some bivalves go 
through a brief para: 
sitic phase that 

aids dispersal. The 


5 Asabivalve 
burrows, its foot 
probes downwards 
|. expands [B] to an 
‘or the creature and 
then contracts [C] 
to pull it into the 

sand. Diagrams [D] to 
{F] show how this is 
accomplished, The 
foot is forced down 
by pressure in th 
blood sinus [D], thy 
closure of the siphons 
[E} driving water out 
of the mantle cavity 
the foot expands with 
blood, Retractor mus: 
cles in the foot then 
contract (F] and 

the cycle is complete 


larva of these spe 
cies ~ a glochidium 
must attach it 
self to a fish tor 
development to take 
place, Afterwards 
the young bivalve 
abandons its host 
to take up an in 
dependent existence 


Squids and octopuses 


Cephalopods, the animal group that includes 
squids, octopuses, cuttlefish and nautiloids, 
have always held a peculiar fascination for 
man. Some of these creatures — particularly 
the squids ~ grow to an enormous size and 
may have lent credence to the legend of the 
“sea serpent’. As molluscs the cephalopods 
are related to such shelled animals as snails, 
mussels and clams, but are far more advanced 
and include the largest and most intelligent of 
the invertebrates. Cephalopods are “jet 
propelled molluscs that live in the sea and 
have their foot divided to form a number of 
tentacles or arms surrounding the head 


Support, movement and respiration 

Because most cephalopods have internal 
shells or no shell at all, their relationship to 
other molluscs is not immediately apparent 
The shell itself, whefe it exists, is markedly 
different from that of many molluscs. In 
Nautilus it is still in evidence; in the octopus it 
is completely absent; in the squid it survives 
as a thin, horny plate (the pen), which serves 
asa skeleton, In the cuttlefish the shell forms 
the cuttle-bone, which serves both as a sup- 
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wd Boop. sea nautilus 
Nautilus pompilivs 


1 Nautilus is one of 
the few surviving 
animals resembling 
the primitive or ori: 
ginal cephalopods, 
The fossilized shells 
of these extinct 
forms (ammonites) 
|A] are quite common. 
About 100 million 


years ago there were 
probably some 2,500 
Species. Today the 
hard-shelled cephalo: 
pods number about 
three. One of them, 
Nautilus pompilius 
[Bl], is a deep-sea 
Species that lives 

in tropical waters, 


Porting structure and an organ of buoyancy 
The bone is divided (like the shell of the 
nautilus) into a series of chambers, the 
youngest (most recently formed) of which 
contain gas. The amount of gas is just suffi- 
cient to offset the difference between the 
overall density of the animal and the density 
of the seawater. 

Cephalopods are far more active than 
other molluscs and therefore require an effi- 
cient respiratory system. This is provided by 
the mantle, which pumps a constant current 
of water in and out of the mantle cavity and 
over the gills [Key]. Deoxygenated blood is 
forced through each gill by a separate gill 
heart, Oxygenated blood passes from the gills 
to a single main or systemic heart that distri- 
butes it to the vessels and capillaries of the 
rest of the body. Contractions of the mantle 
also enable most cephalopods to move with 
great speed when necessary [4] 


Well-developed sense organs 
The feature that most distinguishes 
cephalopods from their lower molluse rela- 
tives is the extraordinary development of 


25:dem 


2 A section through 
‘Noutilus shows the 
shell [1] and 
phunele [2] wound in 
8 spiral. Immediately 
behind the tentacles 
ies the mouth [4] 
leading to the intes. 
tine [7]. Nautilus has 
an advanced nervous 


system with a brain 
[3] and respires by 
Means of gills [6] 
that are located in 
the mantle cavity. 

It swims by forcing 
2 jet of water 

Out of its mantle 
cavity and through 
the siphon (5). 


Octopus 9m 


Giant squid 
Architevthis sp 20m 


their sense organs and nervous system — a 
feature that reflects their active life-style 
The large cephalopod brain, which encir- 
cles the oesophagus directly between the 
eyes, is made up of several masses of nervous 
tissue (ganglia) that in most lower inverte- 
brates are spread throughout the body. The 
Nervous system of a squid incorporates a 
number of exceptionally large nerve cells 
called the giant fibres and, as a result, scien- 
tists have made great use of this animal when 
studying the physiology of nerves. 
Cephalopods have chemical sense and 
balancing organs but their most striking fea- 
tures are the eyes [8]. Even the most cursory 
glance at a section of a cephalopod eye is 
sufficient to reveal its resemblance to the 
eyes of vertebrates. Within the globe can be 
seen an outer window or cornea, a lens, a 
sensitive layer or retina and an opaque 
backing layer or choroid. Yet there is no 
evolutionary relationship between molluscs 
and vertebrates. The arrangement of the cells 
in the retina’ of the two groups is quite diffe. 
Fent, as is the focusing mechanism, The 
overall resemblance is a result of evolutio- 


3 The cuttlefish “a 
Sepia officinalis lives 

on the sea bottom 

where it feeds on 

shrimps. itis able 
touncover these by 
blowing jets of water 

at the sand of the i 
sea-bed. Ina similar 
way the animal can f 
bury itself by blowing 
the sand from below 
and allowing the 
particles to fall 

back on to its upper 
surface, The cuttie: 
fish is a master of 


4 The most elegant 
of movers among the 
cephalopods is the 
cuttlefish. When mov: 


it swims by means of 
8 series of undula. 
tions in its lateral 
fins. When it acceler 
ates (B, C}, it 

closes the opening 
of its mantle cavity, 
constricts the power 
ful muscles in the 
wall of the mantle 


environment changes. 
80 its surface displays 
rippling patterns 

of colour change ~ 
the product of many 
thousands of ex. 
pandable bags of 
pigment, each under 
Nervous control 


5 Cephalopods vary 
enormously in size. 
Sepiola sp, the little 
cuttle, is seldom 
longer than dem 
(1.5in), although some 
octopuses reach a 
length of 9m (294). But 
‘even these huge crea. 
tures are dwarfed by 
the giant squid (Arch/- 
teuthis sp) which 
grows upto 20m, 

(65tt) long. This 
begins to compare 
with the size of 


Sperm whale 
Physeter catodon 20°Sm 


se 


CONNECTIONS 


Seoatso 
Land and sea snails, 
Life between two 
shells 

Shelis of the world 
Animais ofthe 
ocean 

Fossils without 
backbones 
Sexinthe animal 
world 


and forces a jet of 
water through its 
siphon, The siphon 
may be turned 
through any angle, 
80 the cuttlefish 

can use this mech: 
anism to steer it- 
self in any direction 
It chooses. All ce- 
phalopods share this 
‘system of jet pro- 
pulsion, which 
allows them to make 
a rapid escape trom 
possible danger. 


that other giant of 
the oceans, the sperm 
whale (Physeter cato- 
don). The comparison 
s significant be- 
cause the squid 
forms a major part 
of the sperm whale's 
diet. Evidence of 
conflict between 
these two species 
|s provided by the 
‘scars of huge sucker 
marks occasional! 
found on the whale’s 
tough outer skin. 


nary convergence according to which two 
widely differing groups have solved the same 
problem — that of vision — in a similar manner. 


Patterns of behaviour 
Their powerful sense organs and large brains 
allow cephalopods to achieve complex 
behaviour patterns and account for their pro- 
nounced ability to learn, These attributes are 
clearly valuable assets to predatory animals 
that feed on such prey as crabs and lobsters, 
which have the strength and equipment to 
fight back. All cephalopods are swift and 
powerful hunters. The tentacles that sur- 
round the mouth, armed with suckers on 
muscular stalks, help to seize the victim and 
thrust it between the horny jaws. Squids and 
cuttlefish have two tentacles that are longer 
than the rest. Normally at least partly 
retracted, these can be shot out at great speed 
to capture moving prey. The octopus uses a 
less graceful but equally effective technique: 
it jumps on its prey, using its tentacles to 
enfold the victim before eating it 

Many cephalopods, especially the deep- 
sea forms, are capable of producing light - 


6 Common octopus 


Octopus vulgaris 


phenomenon known as bioluminescence 
This may be useful to illuminate the way, or 
as an attraction or a warning signal, and can 
be generated either in special tissues or by 
bacteria that live symbiotically in various 
parts of the cephalopod body. One cuttlefish 
(Hetereteuthis sp) can even release a 
luminous cloud of bacteria when disturbed. 

The reproductive behaviour of 
cephalopods is complex: approaches bet- 
ween cuttlefish, for example, may involve 
sophisticated colour changes, During the 
breeding season a male approached by 
another cuttlefish deepens its colour. If the 
newcomer fails to change likewise, it is 
assumed to be female. Both mak \d female 
have a single gonad (organ producing sex 
cells) that discharges into the mantle cavity 
The male collects its sperm into a small 
packet, the spermataphore, and transfers this, 
to the female using a specialized arm called a 
hectocotylus. Various glands associated with 
the female gonad produce yolk and shell for 
the eggs. These eggs are laid and hatch into 
juveniles that spend the first part of their lives 
swimming in the plankton. 


rounding its mouth 
(unlike the squid, 
which has ten) 

The common octopus 
(Octopus vulgaris) 

\ 

warm waters but 

can be found in the 
English Channel 


Key 


Tentacle: 


arm. 


Ink sac 
Digustive gland. 


Git hear. 
Stomach. 
Mantle cavity 
Internal shell 


Gonad. 


7 The squid (Al/o- 
teuthis sublata) lays 
its eggs ina sac, 

do all other 
types of cophalopods. 
Shortly before hatch: 
ing [A] the developing 
squids are clearly 
Visible through the 
sac wall. On hatching 
[B] young squids r 

mble adults but are 
almost transparent. 


8 The cephalopod eye 
resembles that of 
vertebrates but 
evolved indepen: 
dently. Focusing 


9 Tooth shell 
Dentalium sp 


mals, such as this 
cuttlefish, are the 
‘most advanced of the 
molluscs. The mouth 
is surrounded by 
sucker-bearing ten: 
tacles and equipped 
with horny jaws. A 
muscular mantie 

covers the cavity 
that houses the gills. 
Through these, a pair 
of gill hearts pump 
blood. All cephalo: 
pods can move by 
forcing a jet of 

water out of the 
mantle cavity and 
through a tube, the 
siphon. A dark fluid 
is discharged from 
the ink sac when the 
animals are excited 
or frightoned. The 
shell is large and 
external in nauti 
loids, smaller and 
internal in squids 
and cuttlefish 

and completely 
absent in octopuses. 


is achieved by 
changing the dis. 
tance between retina 
and lens [A, B], not by 
Jens shape changes, 


9 The scaphopods or 
tooth shells are a 
small group of 
burrowing molluscs, 
measuring up to 13¢m 
(Sin) long, which look 
like, but are not 
related to, cephalo- 
pods, Their bodies 
are enclosed in 
tubular shells, 

their heads tentacled, 
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Shells of the world 


More than 80,000 species of molluscs have 1 Before it was dred- 
been identified and named. These animals, epoca son 
many of which have shells, are secondonly to ynowmany seater 
the arthropods in abundance. 

Molluscs are grouped zoologically into six 
or seven classes, depending on whether the 
group of deep-sea burrowing forms is placed 
with the chitons in the molluscan class 
Amphineura or given their own class 
Aplacophora. The most curious molluscs 
belong to the class Monoplacophora, which 
consists of only one genus, namely Neopi 
lina. Another small group, the tusk shells 
(class Schaphopoda), has 200 species. 

The three remaining mollusc classes are 
the largest and best known. The two-shelled 
bivalve or molluscs (class Bivalvia) include 
many familiar shellfish such as cockles, mus- 
sels, clams and abalones. The land and se 
snails are grouped together in the class Gas 
tropoda and include some of the most inter- 
esting and beautiful of all the molluscs. Mem- 
bers of the class Cephalopoda, many of which 
have lost their shells, include the squid and 
the octopus. These, the most advanced of all 
molluscs, show a rudimentary “intelligence 


Lymnaea stagnaus 


2 The grove snait, » 

‘common European 

land snail, has many 
colour varieties, 


Grove snail 
Cepvea hortensis 


3 The largest Euro- 
pean freshwater snail, 
the great pond snail 
lives in stagnant water 


CONNECTIONS: 


See also 
Landandsea snails 
Lite between two 
shite 

Squids and 
octopuses 

Lakes and rivers 
Theseauhore fo 
between the tides 


> 4 Shell-less sea 5 Thelargeblack slug © 

slugs. many of them can also be brown 

brightly coloured, oF orange when adult 

are found worldwide. 

Loige black slug 
Soo slug Arran ater 
Dove coronats Wiiaptienegen eee 
top shell, is 15cm Indo-Paciti 


(6in) long and lives 
in the Pacific. It is 
Used 10 make buttons, 


large species measur 
ing 12.5¢m (Sin) long, 


7 Two modified arms 


male Argo 
nauta secrete its 
typical papery shell 


Paper nautilus 
Argonauta sp. Top shell 


Trochus niloticus 


10 \ 
= — 
~ 
- 
<2 
— 
" 
7] 
Cone shell Conus textile 
| 10 Thevenuscomb 11 There are many 
murex ofthe Pacific species of the poison- 
Venus comb is related to a tropical ous tropical cone 
mutex Species that produces shells. This one 
Murex pecten the dye Tyrian purple. is Bm (3.5in) long. 
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Red abalone 
Haliotis rufescens 


Mitra papalis 
9 The red abatone of 
California is a pop: 
ular food of both 
man and sea otters. 


12 Giant clams are 
the largest bivalve 
molluscs, weighing 
over 225kg (500!b) 


Giant clam Tridacne derasa 


13 4 15 Harp shelis are 16 This conch-like 
Ae } found in warm seas, Cymbiola of variable 
This species comes. hue lives in the Philip: 

from the Philippines pines region grow- 
and is 7em (3in) long, ing up to 25cm (10in). 


Helmet shel! 
Cassis tuberosa 


13 Thequeenconch —_14 Helmet shells feed 


cusediccne of Florida measures on sea-urchins, This 
Strombus gigas up to 30cm (12in) 23cm (9in) species: 
and isawell-known —_livesin tropical South Harp stoi! 
gourmer’s delicacy, American seas. Harpo kaviyariay Cymbiola imperiatis 


3 19 a 20 2 


20 This Tibia shell, 
growing to 20cm (Bin), 
is found only on 
Philippine shores. 


17 Triton’s trumpet 
is used as a horn by 
Pacific peoples. It 
grows to 40cm (16in) 


18 The precious 
wentle trap of the 
West Pacific is 
rare collectors’ item, 


19 The Indo-Pacific 
coast is the home of 
this 9em (3.5in) Olivia, 


te ap 
pitonium scalare 


cownie 
Cypraca tigris 

21 The tiger cowrie 
is widespread on 
reefs in the Indian 


onvia and Pacific Oceans, 


muniaces fatauos 24 The ribbed shell 
iba Hsu f this Pacific spec: 
22 The violet sea, 1s Vexillium can 


snail is a tropical 
species. It floats 
ina mass of bubbles. 


Violet sea snail 
Janthina globosa 


23 bbe 7.5m (3in) long, 


23 One of several un- 
usual shells, th 


= 
a) 
—_ 
tropical Vermetus 
asa wormn-like form. 


Vexiiun taeniatum 


‘ 
at 


Vermetus forgo 
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Lambis enwagra (Vomale) 


Jennaria pustulata 


Hexaplex saxicola 


26 This unusual pust. 
ulate shell from Cen. 
tral America meas 


ures only 2.5¢m (Tin), \ 27 The coasts of 

25 The femate Lam- \} Japan are the home 

bis, moasuring up to of this sculptured ted Pacific spec. 
= 25cm (10in), is much shell, which can be 8, this shell 

larger than the male. Thateneria mirabilis upto 10em (din) long, is 10cm (din) tong, 
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The joint-legged animals 


‘The phylum Arthropoda ~ literally “joint- 
legged” animals ~ is by far the largest and 
most diversified group of creatures in the 
animal kingdom and must be regarded as one 
of the most important developments in 
animal evolution. Arthropods are of obscure 
origins, but it is most likely that they arose 
from primitive annelid (worm-like) stock 
[Key], possibly from animals rather like 
modern velvet worms [1], more than 600 
million years ago 


Diversity and common features 
The phylum Arthropoda contains a great 
many familiar animals such as insects, 
spiders, scorpions, centipedes and crusta- 
ceans (crabs, shrimps and lobsters) and also 
more unusual forms such as horseshoe or 
king crabs, sea spiders and the parasitic ticks 
and mites. The numbers of individuals in 
many species are enormous and the number 
of arthropod species in the animal kingdom 
far exceeds those of all other animals put 
together. About 80 per cent of the known 
species of animals are arthropods. 

The fundamental characteristics that all 


1A 


1 Velvet worms such —_[11]). Slime glands 


a8 Peripatopsis [A] [8}discharge through 
have features oral papillae [7], The 
{8} typical of both ‘mouth [6] has jaws 

arthropods (the cut- [14] and leads to the 


gut [9], The under- 


‘cle (1), heart (2) 
hi Side of the head is 


1ocoe! [3] and the 


antennae [5]) andan- shown [C). Paired 
nelid worms (eye [4] nerve cords {10} co- 
and excretory organs ordinate movement. 


Thin flexible cuticle 


arthropods share are the tough, segmented, 
external skeleton (exoskeleton) covering the 
whole of the body (the internal anatomy of 
which also shows some segmentation) 
including the jointed limbs and a nerve cord 
running ventrally along the length of the 
animal (as in many other invertebrates but 
not in vertebrates). The heart, if present, is 
simple and situated dorsally. 

There are variations on the basic theme, 
for arthropods have evolved over a long 
period of time and through diverse branches 
and it is not surprising that several species of 
arthropod are recognizable as belonging to 
that group only by experts. Some parasitic 
forms, for example, have lost most of their 
organs and look more like plant growths in 
the tissues of other animals. Only their typi- 
cally arthropod larvae betray them. Others 
are so small ~ both winged and wingless 
species — that they have missed attention for 
centuries and bear little superficial resemb- 
lance to the great marine crustaceans or 
exotic butterflies and moths, But there must 
also be many thousands of species waiting to 
be described for the first time 


reproductive 4 
is comprise 

ies [12] and 

uteri (13). Spiractes 
(respiratory openings) 
[15] and tracheae [16] 
of Peripatopsis (D) 
and insects [E} ar 
only superficially 
similar 


3 The support of 
muscles for move- 
ment is a major 
function of the exo: 
skeleton, The mus- 
cles are attached 
across a joint (A), 

as invertebrates, 
but inside the skele. 
ton. The contraction 
of one muscle of a 
Pair and the relaxing 
Of the other results 
movement at the 
flexible joint. A 
cross-section 
through the body at 
a leg insertion (B] 
shows the part 
layed by muscle 
attachment points and 
by the thin flexible 
cuticle at joints. 


All of the arthropod organs have been 
modified in various ways during evolution 
and even the heart may be absent. But the 
dominant feature of the group, the tough 
exoskeleton [4] upon which so many of the 
other features depend, is always present, in at 
Teast some stage of the life cycle. 

The exoskeleton, which has contributed 
So greatly to the success of the arthropods, 
also imposes certain restrictions on them. [tis 
excellent as a protective covering, but one- 
piece armour would prevent any movement 
This problem was overcome by the simple 
solution of dividing the external skeleton into 
a number of separate plates. The plates are 
joined together by a thin, flexible membrane. 
The legs are also segmented and are com- 
posed of several tube-like elements also 
hinged by a flexible membrane 


The rigidity of the exoskeleton 

The rigidity of the exoskeleton also compli- 
cates growth. The cuticle (outermost skin) 
can stretch between segments to a certain 
extent, but for any real overall increase in size 
the animal has to moult its outer covering and 


2 


2 The sea slater or 
rock slater, a crus 
tacean of the order 
\sopoda, which also 
includes woodlice, 
has a simple, typi 


oured exoskeleton 
is jointed between 


Soa slater 
Ligin oceanica 


CONNECTIONS 


See also 
Theanimal 
Kingdom 

Crabs and lobsters 


scorpions 
The classification ot 
Inwocts 

Theworld of insects 
Fossils without 
backbones 
Colourtul bugs and 


the body segments, 


and its seven pairs 


of legs, borne on 
the thorax. 


poda means “equal 
feet"), Appendages 
beneath the abdomen 
function as gills, 


Epicuticte 


Epidermis 


Basement membrane 


4 The exoskeleton in 
the Crustacea is 
hardened by the depo- 
sition of calcium 
salts. As a result 
most crustaceans, 
such as the crayfish, 
have very tough 
shells consisting 
mostly of a cuticle 
[1] secreted by 

the epidermis, 
Special glands |2) 

in the connective 
tissue secrete the 


various stimuli 


expand before the new skeleton hardens. 
During that time it is very vulnerable. 

The renewal of the exoskeleton places 
heavy demands upon the animal. The new 
covering requires a great deal of material for 
its production and only marine arthropods 
such as crabs and lobsters with abundant food 
supplies and available minerals can grow to a 
large size. 

Although excellent as a protective cover- 
ing the exoskeleton is relatively heavy, With 
increase in size the exoskeleton becomes 
proportionately heavier and imposes a size 
limit on terrestrial arthropods and, more 
significantly, on flying species. 


Success of the group 

In spite of the problems inherent in the basic 
arthropod body plan the group has been 
remarkably successful within its limitations, 
One arthropod or another has managed to 
colonize every habitat invaded separately by 
all the other groups. The insects, of course, 
aire among the most proficient of flying ani- 
mals, Indeed, certain flies are, for their siz 
the fastest of all living things. 


originally for loco- 
motion, like the legs 
on the rock slater's 
thorax. They have 
since become modi- 
fied for different 
functions, even in 

the same I. 
Examples a claw 
{A} and sperm guide 
(8) of a crustacean; 

a swimming leg of 
water beetle [C}; a 
walking leg of a 
ground beetle [0]; an 
antenna of a cock: 
chafer [E]; and a 
chewing mandible of 
‘a cockroach [F} 


7 The breathing 
‘apparatus of arthro- 
pods is shown in 

the cross-sections 
through a water- 
dwelling lobster [A] 
and land-dwelling 
spider [8], In lobs: 

ters and other crus- 
taceans a carapace 
(a plate of the 
skeleton) covers a 
gill chamber through 
which water circu- 
lates. Blood passing 
ls re 
art 

for pumping tothe 
blood spaces in the 
body. Most spi 

have pairs of lung 
books made up of 
“leaves”, each con- 
taining circulating 
blood and enclosed 
ina "vestibule® full 

of air. This opens to 
the outside by means 
of spiracles. Asin 
crustaceans the blood 
returns to the heart 
after oxygenation, 


Heart 
Corapace 


Many arthropods, of various groups, can 
both produce and perceive sounds, Some 
moths, for example, use ultrasound for con- 
fusing the hunting techniques of bats and 
possibly for other purposes also. Other 
senses in arthropods are also well developed 
They can detect not only airborne vibrations 
but also those of the surface upon which they 
are standing. The chemical senses of taste 
and smell are highly developed and play an 
important role in communication between 
individuals of many species. The eyes are 
extremely well developed in many 
arthropods and vision can extend beyond 
man's visible spectrum into either the infra- 
red or ultra-violet zones, The eyes of some 
insects, spiders and crustaceans can detect 
the plane of polarization of light from the sky 
and use it in navigation. 

Arthropod muscles are relatively efficient 
and very powerful. The claw of a large 
lobster, for example, can crush a man’s wrist 
The flight muscles of higher insects such as 
flies possess the remarkable ability of con- 
tracting extremely rapidly, allowing the 
wings to beat at up to 1,000 times a second. 


8 Insects, being ter- 
testrial animals, run 
the risk of drying out 
and therefore have a 
severely limited area 
‘open to the outside 
airBespiration is by 
a system of trachese 
or tubes opening 

to the outside by 
pairs of spiracles 
along the abdomen. 


wey 


7,8 (no English name) 
9A Wingedinsects 
98 Wingless insects: 
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The phylum Arthro- —_ and five classes com- 
podacanbedivided —_ posed of extinct 
intoten classes with —_spacies. The arthro- 


living representatives pods are the most 


6 The compound eyes 6 A 
of arthropods (A) 

have many uni 
‘ommatidia, each 
covered with a trans- 
parent corneal lens 
[1]. Underneath is 

the photoreceptor 
unit [2) that con- 
nects with the optic 
nerve [3]. The omma 
tidia work together 

or separately, in the 
dark (B] or the light 
(Cl. In the dark, pig- 
ment in the screening 
cells (4 and 6] is 
withdrawn so that the 
photopigment cells 
[5] and receptor 

cells [7] act together 
to receive the light 
focused by the crys- 
talline cone and cor- 
neal lens secreted 

by the corneagen 
cells, But in the light 
the pigment from 

the screening cells 
isolates the ommi 
tidia, which send 
separate messages 
to the brain via 
nerve fibres (8) 


‘or 


9 Insect trachese 
subdivide over and 
over again into 
small 


tract (1). The 
terminal tracheoles, 
which are in con- 


tact with the 
‘ous tissue cells 
[2], are filled with 
fluid, When the 
muscles are relaxed 
the adjacent trach- 
eoles become fluid- 
filled, When they 
contract and need 
more oxygen the 
fluid is withdrawn 
from the tracheole 
endings, thus allow- 
ing more air to 

inter. This mechan- 
sm is assisted by 
a system of sup: 
plementary air sacs [3] 
that expand [Al when 
the muscles are re- 
laxed, but a 
squeezed when they 
contract (B], the air 
being forced far- 
ther into the tissues 
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Crabs and lobsters 


Crabs, lobsters, crayfish, prawns and 
shrimps, together with such creatures as 
Woodlice, water fleas and barnacles, are all 


embers of the zoological class Crustacea 
This class is a subdivision of the larger group 
or phylum Arthropoda (the joint-legged ani 
mals) to which the insects also belong 


Diversity of forms 
The Crustacea number more than 30,000 
Species and are one of the most diverse of all 
animal groups. They vary in form from the 
familiar lobster to the barnacles, which look 
more like molluscs than crustaceans, and in 
size from the giant Japanese spider crab 
(Macrocheira kaempfe uring 34m 
(10-13ft) from claw tip to claw tip, to the 
copepods of the ocean plankton that may be 
only a millimetre (0.04in) in diameter 


mea 


as diverse as 
their body forms although most live in water 
or in damp surroundings. The crabs and lob. 
sters are largely scavengers, while Sacculina 
sp, which looks more like an undifferentiated 
sac of tissue than a cru 
within crabs. 


Crustacean life-styles are 


acean, lives asa para 


site The mantis shrimps are 


1 Mostcrustaceans =) 
hatch in a form quite 
different from that 

of their parents, 
passing through one 
or more larval stages 
before they become 
adult. The prawn 
Penaeus sp from the 
Guif of Mexico shows 
the type of changes 
that may occur. The 
prawn spawns at 
depths down to 54m 
(180f) and from the 
fertilized egg a nau 
plius, the basic crusta. 
emerges, This meta: 
Morphoses into the 
protozoea stage which, 
like the nauplius 
swims with its anten. 
nae, but unlike it has 
both eyes and thoraci 
imbs. Thoracic limbs 
3r@ used for swim: 
ming by the mysis 
larva. The post-larval 
stage and the adult 
both swim using ab 
dominal appendag: 
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active predators, the gribble (Limnoria sp) is 
a wood-borer and the 
(Stenopus sp) feeds on external parasites that 
live on the bodies and in the mouths of fish. In 
return for its “cleaning services” the shrimp is 
granted immunity from potential predators 
Many crustaceans, 


cleaner shrimp 


including the sedentary 
barnacles, are filter feeders, extracting food 
from the water in which they live by forcing a 
constant flow of it through their bodies. 


Characteristics of crustaceans 
The typical water-dwelling crustacean has a 
body covered with 
skeleton, This external skeleton is composed 
of protein and chitin and hardened with lime 
salts. Also typical is the segmented body 
form, as seen in the Norway lobster [Key], 
although the middle body section (the 
thorax) is often concealed by a large plate of 
skeleton (the carapace ) 

Essentially, each segment of the crusta- 
cean head and body carries a pair of legs or 
other appendages [6] 


hard shell or exo: 


These appendag 
have become modified to perform different 
functions, On the head, for example, the typ 


§ 
Parthanogonetically 
reproducing female 

y 
) Sexually reproducin 

WH Resting e9% 


3 The water flea 

(Daphnia sp) can re 

"| produce without ferti 
lization, that is, 
parthenogenetically 
In favourable con 
ditions [1] the 
female produces up to 
100 eggs, all of which 
hatch into females 
Generation after gen 
eration [2, 3, 4, 5] of 
females can be born 
in this way. When 
food is scarce some 
eggs develop into 
males [6] and the fe. 
males produce eggs 
that must be fer 
tilized [7]. These 
eggs can survive 
harsh conditions (8) 


ical appendages are the 
antennae 


first and second 
which are used as sensory recep: 
tors, and the mandibles and first and second 
maxillae, which are used for taking in and 
crushing food. The thorax bears three pairs of 
maxillipeds, which are also employed in 
pushing food towards the mouth, the chelae 
or pincers for food capture plus four pairs of 
walking legs. Under the abdomen are five 
Pairs of swimmerets used, a 


their name sug. 
ests, in locomotion, but some of them may 
be modified for reproductive purposes, The 

bdomen with a 


crustacean ends pair of 
appendages known as uropods. These, with 
the tip of the abdominal skeleton (the 
telson), form a tail fan that is used for steering 
during swimming or, when flicked vigorously 
down and under, shoots the animal back 
wards defensively 

Most dissolved 
oxygen from their surrounding water either 
through gills or thro 


crustaceans breathe 


h most of the body sur 
face; exceptions to the rule are the woodlice 


and the extreme parasitic forms. The gills of 
d lobsters are thin-walled, leaf-like 
outgrowths that originate at or near the bases 


crabs 


4 Both fresh and salt 
waters throughout 
the world may teem 


with the microscopic 
Cyclops and its rela 
ted species which are 


members of the cru» 
tacean sub-class 
Copepoda. A female 
's Seen here bearing 

3 pair of sacs filled 
with eggs. Cyclops 
has. single eye 

from whieh it is 
named — two pairs of 
thoracic limbs for 
feeding and four for 
swimming. There are 
two pairs of antennae 
which are sensitive to 
touch and chemicals 


CONNECTIONS 


Seeaiso 
Thejointiegged 


2 The eggs of the 
squat lobster (Gale 
thea squamifera) are 
attached to the fe. 
male on special ab 
dominal appendages. 
The abdominal swim: 
merets secrete a subs 
stance to which the 
e998 stick. They are 

held beneath the ab: 
domen, partly covered 
by the tail, ina large 
mass. Females carry 
ing eggs in this way 
are said to be “in 
berry’, After the 

eggs have hatched the 
larvae may also cling 
to the female’s swim 
merets for a time. 


5 The nauplius larva 
is found in so many 
different groups of 
Crustacea that it can 
justifiably be called 
the basic larval form 
The nauplius usually 
has a simple triang- 
ular or shield-like 
unsegmented body 
with a single eye and 
three pairs of appen. 
dages. The first pair 
are simple and sen: 
sory: the second pair 
the antennae, are very 
well developed with 
two branches covered 
in special hairs or 
setae and are used 
for swimming, A pair 
of mandibles is 
employed in feeding. 


of the appendages of the thorax. They are 
enclosed in a chamber covered by a 
downgrowth of the carapace on each side and 
a current of water flows over them main- 
tained by the beating of a paddle-like organ 
at the base of the second maxilla. In the 
woodlice and other similar crustaceans, how 
ever, the gills are modifications of the appen- 
dages of the abdomen and in many of the 
smaller species of Crustacea the body surface 
itself acts as a gas-exchanger. But whatever 
their structure all crustacean gills must 
remain wet and this explains why most 
crustaceans are confined to watery habitats. 
The sense organs of crustaceans, particu- 
larly the eyes and antennae, are efficient 
structures well adapted to the needs of these 
animals. The paired eyes of crabs and lob- 
sters are borne on stalks and like those of 
insects they are compound. But in copepods 
they are simple, single and central — one 
copepod is in fact named Cyelops|4} after the 
legendary Greek giant with the same charac- 
teristic. The two pairs of antennae are used to 
detect vibrations, maintain balance [7] and 
also serve as sensors of “taste” and “smell 
6 The segmented 6 
appendages of all 
crustaceans are built 
to the same basic 
plan, Those shown 
here are from the 
crayfish, a member 
of the order Dec: 
poda. Although the 
appendages are very 
different along the 
animat’s length, most 
are essentially two: 
branched or biramous. 
This arrangement is 
most clear inthe 
swimmerats found 
beneath the abdomen 
Variations on the 
theme are towards 
expanded or foliaci 
ous appendages such 
as the mandibles and 
maxillae to create @ 
shape ideal for feed 
ing oF respiration. 
The walking legs are 
unbranched or uni 
ramous. Structures 
with common origins 
like these are said 
to be homologous. 


Waiking leg 


ICholiped 


Grasping 


Endopodite 


WB ooo 
HB proropouitw 


\ 


Swimming 


\. Biramous plan 


Like other creatures that are encased in 
hard external skeletons, crustacea can only 
increase in size if they undergo successive 
moults [8]. Many crustaceans have the ability 
to regenerate lost parts [9] such as claws and 
eyes, and often do this following the re, 
of an injured part by self-amputation. 

Most Crustacea develop from eggs laid by 
the female [2] following mating and fertiliza 
tion 


ion 


although in some species. including 
water fleas [3], young can be produced by 
virgin birth” or parthenogenesis. Larvae 
development is generally in several stages [1] 
but most species have a nauplius larva [5] 


Food for others 

Throughout the world crustaceans play a 
major role in aquatic food webs, both fresh- 
water and marine, as the food of larger ani 
mals. Freshwater ponds teem with micro- 
scopic Daphnia and Cyclops; sea-shores 
shelter millions of seahoppers beneath sea 
weed and other flotsam; and in the sea one 
particular group, known as krill, not only 
provide food for fish, squids, jellyfish and the 
like but are the sustenance of some whales 


‘The Norway lobster, 
a small, burrowing 
form up to 20m (Bin) 
long found off north: 
east Atlantic coasts, 
isa typical crus. 
tacean. With the 
crabs, crayfish, 
prawns and shrimps 
it is classified in 

a sub-group or order 
of the Crustacea 
called the Decapoda 
literally, 10 legs). 
These legs are borne 
in pairs [1-5] the 
first of which is 
enlarged to form nip: 
ping claws or chelae 
[6]. Of the two pairs 
of antennae [7], [8] the 
second may be far 
longer than the body, 
With the eyes [9] 
they are the principal 
sense organs, The 
body segments are 
‘obvious only on the 
abdomen [10} for the 
thorax is covered by 
ahard carapace (11) 
The tail bears a fan: 
like telson |12) 


7 The balancing 
organs of Crustaces 
48 in this crayfish 
(Astacus torrentium) 
Al, are situated at 
the bases of the first 
antennae. Each organ 
of balance or stato 
cyst (B} lies ina 
cavity protected by 


7 


Norway lobster 
Nephrops norvegicus 


a fringe of bristles 

or setae (1) and con 
sists of a series of 
setae [2] on to which 
sand grains (4) are 
stuck with @ special 
secretion. As the 
animal moves the 
grains also move and 
as they do so set up, 


stresses on the setae 
that stimulate sensory 
cells. These send 
messages to the brain 
through the stato: 

cyst nerve [3]. New 
sand grains have to 
be incorporated each 
time the crayfish 
sheds its exoskeleton, 


8 Moutting or ecdysi 
in Crustacea, as in 
other arthropods, is 
essential if the animal 
isto grow. When the 
crab is ready to. 
change its shell [A] 
the membrane be 
tween carapace and 
abdomen |s ruptured, 
and the animal hun: 
ches up and begins 
the slow process of 
withdrawal [B], which 
may take several 
hours, starting with 
the head and ending 
with the abdomen. 
Immediately after the 
moult the animal ab 
sorbs water and 
expands before the 
new skeleton hardens. 


9 The crabs and 
many related crusta: 
ceans are able to re: 

generate portions of 
their limbs. This abil 
ity is connected with 
the phenomenon of 
autotomy whereby 3 
claw or walking leg 

may be cast off [A] if 


accidentally trapped. 
The damaged append: 
age |s snapped off 
along a built-in line 

‘of weakness and 

then slowly regener: 
ates [B}. It usually 
takes many moultings 
fora lost part to be 
replaced completely 


Spiders and scorpions 


A widespread and successful animal group, 
spiders, scorpions and their relatives are 
collectively termed arachnids (class Arach- 
nida) by naturalists. They have a long 
evolutionary history [Key]. The earliest 
known fossil arachnids are from the 
Palaeozoic era, Fossil scorpions occur in Silu- 
rian rocks (430 million years old) and fossil 
spiders are known from the Devonian of 
Scotland (395 million years old). Their 
ancestors were aquatic, but most modern and 
fossil spiders are terrestrial and many are 
found in extremely arid regions, Their 
aquatic ancestry is evident in their possession 
of modified gills (lung books), although the 
more advanced members of the group pos- 
sess air tubes (tracheae) that appear exter- 
nally as spiracles on the abdomen [1] 


Spider versus insects 

It would scem that the earliest spiders fed 
upon insects, before the latter evolved wings, 
and caught them on the ground in the same 
way as present-day wolf spiders. The 
development of insect flight opened another 
niche for the spiders who countered with the 


1 Spiders and other 1 
arachnids differ 

from other arthropods 
in having bodies 
divided into two sec- 
tions. Head and 
thorax are united in 

a cephalothorax or 


Polson gland 


prosoma, joined to 
the abdomen by a nar. 
row pedicel. There 
are four pairs of 
walking legs and the 


‘opods. There: 


are no antennae. 
Long, straight hairs 
‘onthe appendages 
carry out sensory 
functions. The mouth- 
parts are chelicorae, 


them are limb-l 
podipalps with sen: 
Sory and feeding func. 
tions. In male spiders 
they are modified for 
the transfer of sperm, 
Excretory organs 
(Malpighian tubules) 
open into the hind gut. 


Pedipalp! Fang 


3 A female spider cocoon will be 

discharges her eggs guarded by the fe- 

into a saucer male. Some species 
lk which is then of spiders camou: 


enclosed in a silken 
ac oF cocoon. 

This may be hidden 
in the soil, ina tree (Pisaura mirabilis) 
trunk or attachedto —_—_protect them by 
the roaf of a cave carrying them 
orto plants. In around with them 
some cases the wherever they go. 


flage their cocoons, 
while others, such os 
this hunting spider 
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evolution of webs and snares to capture flying 
prey. Insects became masters of the air, but 
spiders joined the “aerial plankton" (crea- 
tures that live hanging in air or blown on its 
currents), suspended on silk threads. 

The best known of the arachnids are the 
spiders. Many species are found in or near 
human dwellings and their orb webs or cob- 
webs are well known [6]. Spiders are gener- 
ally disliked because a number of tropical 
species have bites that can be dangerous to 
humans. But the bite of the large “taran- 
tulas” is not as serious as is generally believed 
and most can be readily handled 


Spiders as skilful hunters 

The main significance of the spiders in the 
natural order lies in the role they play as pre- 
dators upon their principal competitors, the 
insects. There are more than 20 times more 
insect species than spiders, of which there are 
about 40,000 species. From sea-level to at 
least 6,700m (22,000ft) spiders pursue 
insects with a variety of traps and man- 
oeuvres adapted to fit the habits of their prey 
[9]. Nocturnal spiders take up the hunt when 


Brain Sucking stomach 


Lung book 


Aorta 


Spermotheca | loviduct 


4 Newly hatched hidden and often 
spiders are vulner guarded by the fe- 
able because they can- male. Young spiders 


not defend themselves 
nor can they feed or 
spin silk until after 

the first moult, These 
young garden spiders 
hatch from eg 
cocoons that ai 


are vulnerable to 
Predation and some- 
times remain together 
8 a ball and if dis 
turbed, disperse in 

an “explosion” of 
bodies and colour. 


Intestine Heart Liver Malpighian 


‘Overy 


diurnal ones rest, so that insects are not safe 
at any time of the day or night. Spiders have 
devised a great variety of ways of capturing 
their prey. Some spiders jump upon their 
prey, others lasso them and many varieties 
net and snare their victims, 

The number of spiders in the world is 
enormous, a fact first emphasized by the 
great British expert on spiders, W. S. Bris- 
towe (1901- ), in 1939. He found that an 
English field contained around two million 
spiders per acre and estimated that British 
spiders ate a weight of insects each year 
greater than that of the nation’s humans. 

The production of silk [7] has been one of 
the spiders’ keys to success. They are able to 
fashion a number of accessories that aid them 
enormously in their struggle for existence 
Not only are their traps made of silk, but also 
their shelters and breeding structures, as well 
as the parachutes that allow the wind to carry 
them from one place to another. The thinnest 
spider silk has greater tensile (stretching) 
strength than the equivalent thickness of 
steel wire, ‘ 

Spiders are equipped with poison’ glands 


2 The European 
‘garden spider 
well-known species 
often found hang- 
ing in its complex 


Splnngr 


Silk glands ~ Anus 


‘80 when they are 
born they have only 
to climb on to her 
back. They are able 
to hang on securely 
by means of small 
‘suckers on their 


not from eggs. Newly 
born scorpions 

are carried around 

on their mother’s 
back, as some spiders 


carry their young. feet and will be 
Scorpion embryos carried about for 
develop in special days or even weeks ~ 
brood chambers in depending on their 


the mother's body, Species and the pre- 
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CONNECTIONS 


Seo also 
Thejoint-legged 
animals 

Crustaceans and 


web, spun where there 
are insects to be 
caught. The animal 
has atypical spider 
form, with eight legs, 


vailing conditions — 
living on the remains 
of their embryonic 
yolk supply. As 

with spiders, scor 
pions are unable to 
leave the female un- 
til after the first 
moult. They become 
adult after six or 
seven moults, which 
takes about a year. 


that they use to quieten and kill their prey 
before their silken webs, or they the 
are badly damaged by the struggles of their 
victims. Species with the more virulent toxins 
can deal with prey, or enemies, that are much 
bigger than themselves 


nselves, 


Small but prolific mites 

Less well known than spiders, but an equally 
successful arachnid group, is the order 
Acarina, which includes the ticks and mites. 
These small creatures are easily overlooked, 
except in the case of the many ectoparasitic 
species (those living on the surface of their 
host), Mites and ticks are found on large 
numbers of vertebrates and invertebrates. 
All the ticks are blood-suckers and many of 
them carry diseases in both wild and domesti- 
cated animals and man. They are responsible 
for considerable loss of life. The mites too are 
of economic importance, many of them as 


parasites of both plants and animals. Some 
are beneficial, being involved in the break- 
down of plant material in the soil 

The scorpions [5] are a group of arachnids 
limited to the earth's warmer regions. They 


9 Spiders show great 9 
ingenuity jn the ways 

in which they trap 

prey. Tropical bolas 
spiders suspend a 

sticky gum droplet 

on the end of a silk 

thread and swing it 

to and fro like a \ 
pendulum. Passing 4 
insects are attracted 
to it and become 
ensnared. Trap 

door spiders may 
make complex bur 
rows from which they 
dig side chambers 
where they can re 
treat in safety from 
flooding. The Austra 
lian funnel-web spider 
(Atrax robustus) has 

a silken burrow with 


afunnel-shaped 
entrance. Its prey 
slips down the funnel 
to be ensnared below 
and killed by the 
spider's venomous 
bite. Dinopis bi 
cornis hangs from a 
strong thread hold 
ing a sticky net 


Bolas spider 
Dichrostichus turcatus 


an ancient fossil history and are a 
nogeneous group; all 600 or more species 
are easily recognized as scorpions. 

The sting of the scorpion is used for killing 
prey or defence, the virulence of its poison 
varying between species, In only a few does 
the venom prove a threat to human life, for 
example, species in the family Buthidae. In 
most it is almost harmless. Scorpions capture 
their prey with their pincers ~ technically 
called the pedipalps. Some species crush their 
victims without using venom, but those 
species with less powerful pincers rely wholly 
on poisoning their prey 

The harvestmen (order Opiliones) are 
known to most country people. ‘chese ani- 
mals are spider-like but they may be disting. 
uished by the lack of the narrow pedicel bet- 
ween cephalothorax (a union of the head and 
thorax) They found 
throughout the world in low-growing vegeta 
tion and in leaf litter, where they feed largely 
on small insects 

The wide distribution of arachnids and the 
fact that spiders are carnivorous makes their 
role in the world’s food chains a vital one. 


he 


and abdomen. are 


6 The orb webs of 
spiders are spun 
from silk with great 
accuracy to specific 
designs of variou 
types. A bridge is 
first constructed be: 
tween two supports 
and then the orb is 
fashioned beneath. 


Cribetium for weaving, 
bands of silk 


7 Spiders’ sitk is 
produced in special 
silk glands and dis- 
tributed by the spin 
nerets. A variety of 
glands produce dit 
erent kinds of silk 
for specific parts of 
the web, for binding 
prey and for the egg 
{ 


\ 


/ 


stretched between its 
Jegs, When a su 
able victim passes 

near, the spider 

casts the net over 3 
it. As the victim 2 
struggles it becomes f 
more enmeshed in the 1 
net and the spider 

catches it with ease. 


The group oF groups from 
which living arachnids 
‘evolved is not known, The 
tolated sea spiders are 


thought to have come from 


the same stock. 


Radiating spokes 
support a spiral 
whose gummy thread 
\s extruded from the 
silk glands. The gum 
layer is broken into 
beads by the spin: 
ner’s stretching the 
thread tight and let 
ting go with a snap. 


'Spinnorets 


cocoon. Parts of 
the glands produce 
the gum for snare 
lines. The spinnerets 
have many minute 
spinning tubes 

at their tips. Each 
thread consists of 
many filaments 
fused together 


Trapdoor spider 
Aetinopus 3p 


Schizomida 


8 The water spider 
(Argyroneta aquatica) 
is found in temper 
ate Europe and Asia 
and is the only spi: 
der that spends most 
of its life beneath 

the surface of the 
water. The hairs 
covering its body 


; 


trap a film of air 
which is taken under 
water to a bell of 
silk that is attached 
to water plants. 

The spider breathes 
the air in the bell 
emerging only at 
night to hunt. Eggs 
are laid in the bell 


Atrax robustus 


Dinopis bicornis 
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Crustaceans and other arthropods 


The many-legged creaturesare together clas- 
sified in the phylum Arthropoda, the group 
that includes the insects. Those that are not 
insects, some of which are illustrated here, 

al more than 90,000 species. These are 
divided almost equally between the class of 
the spiders and scorpions, the Arachnida, 
with more than 50,000 species, and the class 
Crustacea, which includes the lobsters, 
shrimps and crabs, with more than 30,000 
species. The largest group of the remainder 
includes the millipedes and  centipedes 
among its numbers and contains more than 
11,000 species. The other classes all number 
Jess than 450 species each. 

All these joint-legged animals have 
bodies organized in a similar way but show an 
amazing variety of shapes and sizes. Apart 
from the spiders, scorpions and their rela- 
tives, most are water-dwellers, and plank 
tonic forms are an important link in the food 
chains of larger marine animals such as fish 
Many are more directly important to man 
cither as a source of food (crabs, shrimps, 
lobsters) or ashis enemies (poisonous spiders 
and scorpions and infesting mites and ticks) 


1 The king or horse- 
shoe crab is not a 
rab at all itis, 

a primitive arthropod 
closely related to 
fossil forms and 
allied to spiders and 
scorpions. This mar 
ine species measures 
up to 60cm (2ft) long. 


Limulus polyone 


3 The North African 
harvestman has many 
relatives throughout 
the world, including 
North America 

where it is known 

as daddy longiegs. 
This minute scav: 
enger measures up 
to 12mm (0.5in). 


4 All the false or 
pseudoscorpions are 
very small ~ this 
large specimen is 
about tem (0.39in) 
Jong. The small cheli- 
cerae [1] contain silk 
glands, the large pedi 
palps (2] have pincers 
and poison glands. 


6 Despite its name, 
the centipede rarely 
has 100 legs. With 
the millipedes itis 
\ placed in the class 
Myriapoda, This spe- 
\ cies inhabits damp 

indoor places and 

‘measures upto 

Sem (2in) in length. 


6 House centioade 
Scutigera coleoptrata 


8 Ahumming-bird is 
the victim of this 
fiercely predatory 
bird spider from 
Panama which meas: 


ong. Often wrongly 
called a tarantula, 

itis relatively 
harmless ~ its venom 
is about as potent 

as that of a bee. 


Bird Spider 


4 


ures about 6m (2.5in) 


2 Sea spiders are they are marine and rai ee 
members of asmall —_have from four to eeuhe 
sub-phylum of the seven pairs of legs. Tha joint-legged 
arthropods known as The body isso small anim 


the Pycnogonida: — 2.3mm (about Crabs and tobsters 
their name comes 0.1in) - that some of Spiders and 
from their spider-like the digestive tract is OHO ag 
appearance. Unlike inthe legs, which honwgen tha ides 
spiders, however. span 2em (0.75in), The animal 


Nymphon rubrum 


5 The mouthparts of 
the harvest mite, an 
arachnid parasit 

on vertebrate tissue 
during the early 

part of its life, 

are borne on a "false 
head". The total body 
length of this species 
isonly 1mm (0.04in). 


7 Pill millipedes. 
have the peculiar 
ability to roll up 

when disturbed, They 
differ from cent 
pedes in having two 
rather than one pair 
af legs on each body 
segment, This one 

is 2em (0.75in) long. 


alll 


7 
a 9 The whip scorpions 
‘are members of a 
small arachnid order 
comprising about 100 
species, most of 
which live in trop- 

ical climates. This 
‘one, with the typ: 

ical whip-like tail, 

is 6cm (2.5in) long. 


Trambicula autumnalis 


Pall mulipede 


10 Little-known a 
chnids, the 37 species 
in the order Ricinu- 
lei are found in 

leaf mould and caves 
in tropical Africa 

and America, None 
grows to more than 
Jem (0.39in) long, 
This one is African. 


Whip sco 
Mastiyon’ 


\ R 


nuleid 


11 The shells of sea 
snails are used 
throughout the world 
by hermit crabs as 
second-hand hom: 


The soft 7.5cm (3in) 
body is twisted to fit 
the shell, This British 
species often lives 

in whelk shells. 


Hermit crab 
Eupagurus sp. 


Phromuma sp 
14 


14 The 
Phronima, like the 
hermit crab, lives in 


young in the coverings 
or tunics of dead sea 
squirts. Phronima 
measures about em 
(0.4in) in length. 


Water flea 
Daphna so 


” 


17 The water flea, 0 
microscopic crusta- 
cean, is a member of 
a large freshwater 
group, the Branchi 
poda. The 
which can grow to 
0.75¢m (0.3in) tong, 
can breed asexually 
(by parthenogenesis) 


Spiny lob 


23 Plated or squat of the body but, if 
lobsters have their disturbed, will 
abdomens folded straighten out then 


underneath the rest —_ suddenly bend again, 


minaus prawn 4 13 The water louse 
Notostomur a /  meremeeranae 
jonpirastna / Isopoda, the largest 
crustacean order 
fart from the crabs 


13 and shrimps and is 
Water louse about 1cm (0.4in) long, 
Asellur sp Most Isopoda are 


marine ~ exceptions are 
woodlice. 


12 The luminous 
prawn is one of many 
crustaceans capable 
of producing light - 
some can even ri 


3 luminous secretion, ‘ 

This species meas- x 
18cm (Bin) long, = " 
Mussel shrimp . 


Cypns sp 


15 The microscopic 
mussel or seed 
shrimps, the ostra- 
cods, rarely grow to 
more than a few 
millimetres long. 


16 Plankton contains 
‘enormous numbers of 
marine copepods such 
as this one, Although 
parasitic forms can 

be 30cm (12in) ong, 
free-living species 
measure only 


copepod 
4 Calonus sp 


i 


Le 


‘shrimps are an impor- 
tant food source for 
fish. They often occur 
in very large numbers 
and can grow up to 
2cm (0.75in) long. 
Translucent, blind 
species are found in 
caves the world over. 


Froshwater 
shrimp 
Gammarus sp 


‘Anemone shrimp 
Periclimenes 


20 The robber crab 
isthe largest of all 
land crabs. It can 
‘measure up to 30cm 
(12in) across the 
shell and weigh as 
much as 4kg (91), 


‘anemone shrimp of 
the South Pacific is 
Superbly camou: 
flaged for life in coral 
reefs. It measures up 


itis ahermit crab to 10cm (din) long 
100 large to live and is. a member of 
| inempty shells. the class Crustacea, 


Robber crate 
Burgus Inve 


of tropical American 
coasts, which grows 
to 61cm (24in) long, 
gastronomically 
prized. These lobsters 
have the peculiar 
habit of walking on 
the sea-bed 
long “crocodiles”, 


Dorset spider crats 
Inachus dorsettensis — 
across, It has the 
habit of masking It- 
self with pieces of 
seaweed or sponge. 


22 The Dorset 
‘spider crab is a smal! 
species with a shell 
up to 2.5¢m (Tin) 


24 Thebroad-clawed 25 Swimmingcrabs 
ster porcelain crab is have their fourth 

extremely hairy. It pair of legs modified 

has relatively huge as paddies. This is 


lobster 


stngosa large .Scm 
(tin) body. One pair throughout the world, 
of legs is reduced ithasashell 
in size and folded measuring upto 
beneath the body Sem (2in) across. 


2 


thus forcing them: 
selves rapidly back- 
wards. This one 

is 15cm (6in) long. 


Broad clawed 

porcelain erats 
Poreliana 
platycheles 


Swimming erab 
Mictonipus depuretor 
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The classification of insects 


Insects are the most numerous of all living 
creatures, representing about 80 per cent of 
all animal species. There are more than 
1,000,000 known species and probably as 
many again are still to be discovered. 

There are enough insect fossils and primi- 
tive living forms to serve as a guide to the 
evolution of the 29 orders into which all 
insects are classified. Most of the evidence 
dates from the advent of the Carboniferous 
period some 345 million years ago, when a 
number of winged insects inhabited the coal- 
forming swamps of the period. 


Primitive insects 

Insects are thought to have evolved from a 
centipede-like ancestor from which they dif- 
fered principally in having only three pairs of 
legs. Each pair is attached to one segment of 
the thorax — the middle part of the body. The 
most primitive of modern insects are possibly 
the wingless species belonging to four orders 
that were once grouped together as the 
“Apterygota”. Of these, the order 
Thysanura [4] seems to resemble the 
hypothetical ancestral form most closely. All 


10} 
® 
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other insect orders [5-29] are winged and 
known as Pterygota. 

‘The Collembola [1] and Protura [2] may 
have evolved from a creature similar to a dip- 
luran, but the two groups have become mod- 
ified in different ways. The Collembola have 
4 peculiar forked structure on the abdomen 
that acts like a spring and enables them to 
jump considerable distances. In the Protura 
the antennae are absent and the front legs 
have taken over some of their functions, 

The next major development was the 
evolution of the wings and the power of 
flight. Two orders ~ Ephemeroptera [5] and 
the Odonata [6] - are combined under the 
Palacoptera, or “ancient wings”. Their wings 
cannot be folded or laid over the back at rest. 
Those insects that can fold wings at rest 
[orders 7-29] are grouped together in the 
Neoptera, or “new wings” 

The seven Orthopteroid orders [7-13] 
are considered to be the least advanced of the 
Neoptera. Most of these have simple mouth- 
parts and are predominantly herbivorous. 
The order Plecoptera [14] is an evolutionary 
offshoot with many archaic features, The 


Coltembola Springta 
Sizeto 5mm 1,500 species 


Diplura Japygids and Campodeids 
Size upto 50mm 660 species 


Thysanura Bristle tails 


Ephomeroptora Mayllies 
Size 25—32mm 1,000 speci 


Odonata Dragontt 


hemipteroid orders show a steady progres- 
sion from the primitive, non-specialized 
mouthparts of the Psocoptera to those of the 
Hemiptera [19] which have developed 
piercing and sucking mouthparts enabling 
them to feed on sap or blood. 

A significant development in the nature 
of the insect life cycle gave the remaining or 
Neuropteroid orders [20-29] a great advan- 
tage over their more primitive relatives. 


Greater flexibility 

All the insects in the Palaeoptera and 
Neoptera are often treated as two groups, 
depending on their life cycles. In the 
exopterygotes (orders 5-19) - and in the 
‘apterygotes” ~ the young insects that hatch 
from the eggs resemble the adult insect. The 
young, known as nymphs, undergo a series of 
moults from which they emerge as fully 
developed adults. In the endopterygotes 
(orders 20-29), a larva that does not 
resemble the adult hatches from the egg. This 
larva (a caterpillar, maggot or grub) usually 
eats food which is entirely different from that 
eaten by the adult, Eventually the larva 


SER 


The orders of wingl 
(insects, The Thysanura 
are considered to be 
the most primitive of 
the living insect orders 
The Collembola, Pro 
tura_ and Diplura have 
no eyes and ate now 
thought not to be true 
insects. Mot 


1 North American spring! 


species 


of winged 


\ fsotoma endreit 2mm 


Sects, “belonging. to 2 European proturan Acerentomon 9p1-8mm 
widely different» tinea 
They non 


Gryllobtattodes Gryllobiattids 
Size upto 25mm 12 specion 


tsoptera Termites 


110mm 2,000 species 


Dictyoptera Mantids andcockroaches 
Size 2—120mm 6,300 species 
Phaamida Stick and leaf insects 

Size upto 320mm 2,000 species 
Orthoptera Crickets, locusts, 

grass 

Sizo up {0 100mm 20,000 specios 
Embioptera Wob spinners 

Size upto 20mm 140 species 


Plecoptera Stonefiies 
Size upto 36mm. 1,300 species 


Zoraptera Zorapterans 

‘Suze upto 3mm 16 species 
Psocoptera Booklice 

‘Size up to 6mm 1,700 species 
Phthiraptera Chewing and sucking 
lice Size 0-5 to 6mm 2,900 species 


Thysanoptera Thrips 
‘Siza 0:5 to8mm 5,000 species 


Hemiptera True bugs 
‘Size upto 120mm 60,000 specios 


Megaloptera Alder and dobson flies 
‘Size upto 100mm 500 species 


: 
i 


Neuroptera Lacewings, ete 
‘Size upto 70mm 4,000 species 


yowuwowon | 


Coleoptera Booties and weevils 
‘Size upto 150mm 360,000 species 


Stropaiptern Twisted-winged insect 
parasites. Size 1-5~4mm 300 species 


Mecopters Scorpion flies 
‘Sizo upto 40mm 300 species 


Siphonaptera Fleas 
‘Size 1—10mm 1,000 species 


Diptora Two-wingesd fli 
Size 170mm 70,000 species 
Trichoptera Cadisi 


Sizo 1.5—40mm 3,000 speci 


Lepidoptera Moths and butter 
Wing span4—300mm 165,000; 


Hymenoptera Ants, boos and wasps 
Sire0:2—120mm Over 10,000species 


ney 
thought to be evolved 
from # common ancestar 
They are consi 
the most primitive of the 
orders with "modern 
wings although the sop: 
with o 


Pe saan 


‘3. Campodeld Compodes folsomi 4mm 


Isop. 
tera, Dictyoptera and OF 


thopters contain same of > 
the most destructive in 
sect poots 


‘An order not closely 


related to the adjacent 
groups, - 
This group of orders is 
thought to have @ com 
mon ancestor. Many mem 


ine chewing and uch 
ing lice — are mostly | 
Parser Weeding ‘oxet” 

fay The bookhce (eso 


damage to books and 
stored f 


The most advanced of the 
insects are included in 
this group which contains 
some of the most numer- 
‘ous and widespread spe- 
cles. Some species of 
Hymenopter bees, 
‘wasps, ants — are highly 
organized social insects 
‘The oviposiior is often 


Vig 


a 


beetles and woevils. They 
are found in almost every 
available habitat 

species are economical 
important pests of croy 


tant ecological role, 


4 Common siivertish Lepisma keccharina Brim 


{6 Emperor dragonfly Anex imperator 75mm 


7 Common warwig Forficuls auricularia 18mm, 


changes into a pupa, or chrysalis, which may 
lie dormant for many months while a 
metamorphosis, or rearrangement of the 
body tissues, transforms the larva into a 
mature adult insect 

‘The difference in life-style of the larva 
and adult has allowed utilization of extremely 
diverse habitats. The endopterygote orders 
contain 84 per cent of insect species and most 
of those of economic importance 

‘The Hymenoptera (29] are a large group 
whose fundamental structure varies little and 
differs greatly from other endopterygotes. 
This group shows the culmination of insect 
social behaviour as exhibited by the social 
ants, bees and wasps. This is an isolated 
group but the metamorphosis and larval 
structure may relate it to the Mecoptera. 
Radiative adaptation 
The Coleoptera [22], the largest order in the 
animal kingdom, have distinctly modified 
hard forewings which cover the rear flying 
wings. The solidity of the external skeleton 
and the adaptability of the basic design have 
been important factors in allowing the adult 


8 North American grylloblattid Grylloblette sp 20mm 


> 


8 Atrican tormite Amitermes hastatus 30mm. 


10 Praying mantis Sphodromantis lineata 9Ormm 


‘7A Stick insect Carsusius morosus 85mm, 


‘118 Loat insect Phylum cruroltum 90mm, 


abe - 


112 Great green bush cricket Tettigonia viidissima 60mm 


to invade many hostile environments. 

The remaining endopterygotes form a 
group centred around the once abundant 
Mecoptera. The Lepidoptera [28] are recog- 
nized by their scale-covered wings and most 
have the mouthparts specialized into sucking 
tubes to exploit nectar as a food source. The 
evolution of this order, and of some of the 
Diptera [26], coincides closely with that of 
the flowering plants. 

The Trichoptera [27] are an offshoot of 
the Lepidoptera with hairy wings and 
chewing mouthparts. The larvae are aquatic. 

The Diptera fly with their forewings only, 
the hind pair being modified into halteres, 
which act as gyroscopic balancers during 
flight. The larvae of this order show greater 
adaptive specialization than any other group 
of insects. The blood-sucking habit of many 
of the adult Diptera is associated with their 
importance as transmitters of diseases. 

Closely related to the Diptera are the 
Siphonaptera [25] which have become wing- 
less and laterally compressed. As with the 
Phthiraptera [17], this group isentirely exter- 
nally parasitic on warm-blooded animals, 


13 \ndian wob spinner Parembie major 2mm 


ii 


14 European stonetly Perla bipunctate 20mm 


16 Altican zorapteran Zorotypus guineensis 2-Smm 


ae 


16 Wingod psoeid Lachesilfa pedicularia 12mm 


17 Boy louse Pediculus humanus amm 


Serr 


18 Onion thrips Thvips tabaci ¥amm 


Key 


Mouthparts 
Antenna. 


Hoag 


Prothorax 


ip 


Mesothrax 


rid 


19 Shield bug 
Eurydema ornatum 20m, 


Tt 


20 European aldertly 
Sinls utaria 20mm 


21 European lacewing (ant-lion) 
Euroleon europaeus 20mm 


22.0ung bootie 
Onthophagus xp Emm 


PL 
'3 North American stylops (male) 


en 


aS 
NN 
24 Scorpion fly 
Panorpa sp 25mm 
25 Rattlea 
Xenopsylte cheopis 3mm 


26 Hover tly 
Volucelle pellucens 18mm 


284 European swallowtail butterfly 
Papilio machaon span TOmm 


288 Sikmoth 
Argema: 


‘mittrei span 100mm 


29.Vespid wasp, 
Eumenes sp 15mm 
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The world of insects 


The animals that inhabit the earth total about 
one-and-a-quarter million species. Of these. 
some 80 per cent are insects, animals clas- 
sified in the phylum Arthropoda, the group 
of joint-legged creatures. Numbers alone 
indicate the success of the class Insecta but 
they have also colonized the world more 
widely than any other group. 


The ubiquitous insects 
There are only a few marine insects; some are 
surface dwellers, others live between tide 
marks and one midge even lives on the se 
bed, but wherever else other animals go, so 
do the insects ~ either as free-living forms 
adapted to an enormous variety of habitats or 
as parasites living in or on other animals. The 
insects are a dominant life form from the 
Arctic to the Equator, Some exist beneath 
the snow and ice, others in deserts, yet others 
in salt lakes and hot springs. In southern 
California there is even a species of small fly 
(Psilopa petrolei) that spends part of its life in 
pools of crude petroleum. 

One of the chief factors in insect success is, 
their ability to fly [2]; apart from the more 


1 Theinternal anat- 
omy of all insects, 
including this honey 
bee, is all contain: 
ed and protected 
within the confines 
of the tough, flexible 
exoskeleton. The 
typical insect body 
contains organs 


of digestion, res: 
piration, circula 
tion, excretion and 
reproduction, There 
are muscles through 
which movement is 
effected anda ner- 
vous system which 
co-ordinates and 
controls insect 


The heads of insocts are 
very wall developed. They 
carry the sense organs— 
notably the eyes, 


‘among their 
‘most important sense organs, 
They detect the vibrations 
of alr molecules by mé 
of special structures, sit 
uated at their bases. 
known as Joh 


The corabral ganglia form- 
Ing the insoct "brain’ 


Manila 


Mandible 


‘A wall-developed pait of 
‘compound eyes is a vital 
part of every insect’s 
Sensory equipment. Typic: 
ally, the eyes are very’ 
sensitive to movement, form 
simple images and can 
differentiate some colour. 

The eye of an insect can 
contain 4,000 separate 
units oF ominatidia each of 
which acts as @ simple aye. 
The images are then 
interpreted togother 

in the cerebral ganglia 


The mouthparts of the bee 
are adapted for sucking up 
food which is liquid: 

pecially nectat from 
flowers, The mandibles 
and maxillae have almost 
fost the ability to 

bite” and liquid food is 
sucked instead through 
4 specialized proboscis 


38 


primitive forms, most species have achieved 
the freedom of the air, enabling them to col 
onize new areas and habitats, to escape from 
predators, to find mates and to prospect for 
food much more easily than their non: 
airborne invertebrate relatives. Some of 
them are even aerial predators. 

Although the insects have scored a great 
evolutionary success through their powers of 
flight, their weight/wing ratio is such that 
theoretically. flight is impossible, In practice. 
their wing muscles build up energy and then 
release it rapidly, the speed of the wing-beat 
compensating for a theoretical lack of lift 


Insect size and shape 

Size has also been important in the evolu 
tionary success of insects. When they first 
appeared more than 350 million years ago. 
the scale of the environment was similar to 
that of today and the insects adapted to it, 
fitting into the many ecological niches that 
were waiting to be occupied. This explains 
why insects are comparatively small 
although there is a fossil dragonfly with a 
76cm (2.5ft) wing span ~ and can survive and 


actions on the basis ‘ 


of information re: 
ceived by the sense 
organs, most import. 
ant of which are 

the large compound 
eyes andthe feelers 
or antennae. The body 
isin three parts: head, 
thorax and abdomen, 


Foregut Midgut 


The insect gut is a tube 
‘unning from mouth to anus 
with different regions 
specialized for different 
functions. It is divided 
‘anatomically into foregut, 
midgut and hindgut of which 
the first and last aro 

ned with cuticle contin. 
vous with the exoskeleton, 
The foregut is used for 

storage and grinding, the 
midgut for digestion and 
absorption and the hindgut 
for water resorption 


reproduce in niches denied to larger animals. 

Another important factor in the success 
of the insects is their possession of a horny 
outer covering, the exoskeleton, Although it 
has to be shed during growth, and thus 
imposes regular periods of vulnerability, this 
exoskeleton is both extremely light and virtu 
ally unbreakable. Chitin is the basis of the 
insect skeleton and is tough and flexible, It is 
made waterproof by a waxy surface layer or 
by the hardener “sclerotin”. The prevention 
of water loss is essential for land insects, And 
the material of which the skeleton is com- 
posed is so malleable that insects take on a 
variety of shapes, particularly in the various 
appendages. Wings, wing covers, legs, 
ovipositors, mouthparts, bristles. scales, 
antennae and other appendages all illustrate 
the ways in which the chitinous exoskeleton 
may be moulded 

All insect skeletons are moulded round 
bodies divided into three main parts: the 
head, thorax and abdomen [1]. The head 
bears the principal sense organs and mouth- 
parts and encloses the brain, salivary glands 
and foregut, The thorax bears the wings - 


The honey bee. ike most 
Pn other insects, has two 

pairs of wings (one has 
buon removed). The veins 
give added strength 


Tracheal opening 


CONNECTIONS 


See also 
Thaclassification of 
Locusts. bugs and 
ie 

Advanced insects 
Colourful bugs and 
beeties 

Avariety of 
advanced insects 
Principles of animal 
behaviour 

The joint-legged 


Air sacs in the inset 
‘abdomen pump air in and 
ut of an extensive network 
of tubos (tvachooe) by 
alternate contraction and 
‘expansion of the abdomen 
At the body surface 

it moves in and out 
ia holes called spiracles 


The excretory system is 


made up of Malpighian, 


Vontrat 
nerve cord 


Hindgut 


The nerve cord has a 
‘ganglion in each segment 
from which nerves arise 


Tho ovaty of this female 
bee is associated with 
accessory organs 

such as shell-producing 
‘lands and a vagina 


‘The six logs are jointed 
and muscled for movement 
The claws provide grip 


basically two pairs - on the second and third 
of the three thoracic segments ~ plus the 
three pairs of legs. The abdomen consists 
typically of 11 segments and carries the 
copulatory organs [3] and, when present, 
stings which are modified ovipositors, 

The jointed legs of insects give them great 
mobility. This is increased still further by the 
Wings whose structure and movement, like 
those of the limbs, depend very much on the 
nature of the insect skeleton. This excellent 
mobility has been a contributory factor in the 
interference of insects in the life of man. The 
locust, for example, combines great fecundity 
with the power of flight, which means that 
enormous flocks of countless millions can 
move to 4 new area to continue their ravages 
‘on man’s crop plants when one such food 
source is depleted. 


Patterns of behaviour 

The members of the class Insecta show a 
great variety of behavioural adaptations, 
particularly in their reproduction. Courtship, 
mating and care of the young may be remark- 
ably sophisticated, particularly in the social 
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insects — the ants, bees and wasps of the order 
Hymenoptera and the termites, which are 
members of the order Isoptera 

The social organization of one insect 
species, the honey bee (Apis mellifera) is 
especially efficient involving both different 
castes ~ workers, drones and queens - and a 
division of labour between workers of diffe- 
rent ages. This second system is not rigid but 
can be modified according to the changing 
needs of the hive as a whole. 

Despite the high level of organized 
behaviour in the beehive, and the success of 
the insects as a group, insect behaviour is 
jgely instinctive. This involves a genetic 
programming” of the animal as a result of 
which it responds to particular stimuli in a 
specified way appropriate to the demands of 
the environment, Intelligence, as applied to 
human activities, does not enter into this 
Thus, although moths of certain species have 
evolved mechanisms for avoiding bats by 
unpredictably erratic flight, or by producing 
bursts of ultrasonics to jam the bats’ “sonar. 
they cannot avoid the attraction of bright 
lights, which is often fatal 


3 Maleandfemale 
insects, like these 


appearance, Male 
organs (Al comprise 
apair of testes [1] 
producing sperm. 
Thisthen passes to 
the mushroom gland. 
[3] for storage. A 
nglobate: 


[alin 


Egg casos are made 
by shell glands [5] be- 


2 Mostinsect wings —_givemorelliftand powered by muscles 
provideonly enough thrust onthe down which change the 
Supportfor powered —_ stroke [1]. This ‘shape of the thorax 
flight. Inthe honey mademoreetficient (B,C. Tha vertical 


bee|Althetwopairs by wing twisting so. muscles [2] contract 
of wings are connec. that there is little tocontrol the up 
ted inflight. The airresistanceonthe —_ beat while longi 
combined wing tra- upstroke, Thewings tudinal muscles 
jectory follows a move, ersand [3] contract to 
figure af eight to are indirectly power the down beat, 
4 Signallingsounds = * 

areproducedbymany | A 

Insectsand inthe 

order Orthoptera, 


which includes the 
grasshoppers, locusts 
and crickets, this 

iswell developed 
inmates and well 
known. Sounds are 
made by stridulation 
inwhich vibration 
isset up bythe 
scraping of one hard 
surface against an- 
‘other. In crickets [A] 
the forewings 

‘or tegmina are spe- 
cially modified for 
this purpose [8], for 
‘each bears a scraper 
[anda file (21, 
When the wings a 
rubbed together {3} 
vibrations are set 
up which produce 
sounds. Individual 


at irrors’ 
(4). The vibrations 
of each tooth [C} 
produces sound of a 
particular frequency 
inthe graph (D}, 


5 Insects have re- 
ceptors for detecting 
sound waves. Mos- 
quitoes [A] detect 
sound velocity with 
theirantennge [8], 
Atthe base of the 
antennal shaft [1] 

is Johnston's organ 


{C] containing sound 
receptor cells [3] 

and their nuclei [2]. 
‘These send impulses 
via nerve fibres (5) 
tothe “brain” where 


passthrough the 
organ [4], Each re- 
ceptor unit (D} con- 


tains a sensory cell 
(6) witha nerve 

fibre [7] anda sen- 
sory hair (8] with a 
protective cap [9] 
The sound receptors 
‘onthe abdomens of 
grasshoppers |E] 
respondto changes 
inthe 


a rigid frame |10) 


Insects develop by 
metai ~that 
isthey have diffe 

ent forms during 
their life cycles, 
There are twotypes 
of metamorphosis. 
Inthe grasshopper 
[Alitis gradual, An 
egg hatches intoe 
nymph [1] which 
‘moults several times 
{2) before adulthood 
(3). Butterflies 

[8] undergo complete 
metamorphosis with 
three distinct stages: 
the larva orcater- 
pillar (4). the pupa 
orchrysalis [5] 
which is a quies- 

cent form, 

andthe adult (6]. 


supporting atympan- 
tum [11] like the 
human ear. indetail 

{G|the tympanic mem- ' 
brane [12] carries a 

supporting process 

[13] for sensory units 

formed asin [0] 

The nuclei of the 

sensory ceils (14) 

giveotf nerve 

fibrestothe brain. 
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Locusts, bugs and dragonflies 


There are more than a million known living 
insect species and almost all of them have 
wings. Truly wingless insects are primitive 
forms grouped together in the sub-class 
Apterygota, while winged insects belong to 
the sub-class Pterygota, Winged insects are 
further classified into two major groups on 
the basis of their developmental changes or 
metamorphosis. The more primitive of these 
are known as the Exopterygota or "insects 
with outside wings” because the wings can be 
seen developing on the exterior of the 
animal. The other group, called the Endo- 
Pterygota or “insects with inside wing: 
includes the more advanced insects such as 
butterflies, whose wings do not appear on the 
outside of the pupa stage of the life cycle 


From egg to adul 
In the Exopterygota a type of larva called 
nymph (basically a miniature adult) emerges 
from the egg [5]. The proportions are differ- 
ent from those of the adult, as they are in 
most young animals; there is little indication 
of wings and the nymph is sexually immature 
But in every other respect it is clearly the 


1 The desert locust, 
notorious for its dev. 
ting appetite, is 

a member of the order 
Orthoptera and a typ- 
ical exopterygote 
insect, The head is 
attached to the 
thorax and abdomen, 
with one pair of 

legs to each thor- 

aci¢ segment and a 


pair of wings to the 
second and third seg: 
ments, The first 

pair of wings hi 
been hardened to 
form wing-cover 
{tegmina) and the 
hind wings have be- 
come enlarged for 
flight, being folded 
fan-wise beneath the 
tegmina at rest. The 


young form of the adult that it will become 

‘The nymph grows by gradual progressive 
stages, or instars, the exoskeleton being 
moulted between instars so that the insect 
can rapidly swell and harden off the new 
exoskeleton that has been prepared beneath 
the old one. The oldest species ~ in terms of 
evolution — tend to have the largest number 
of instars. Mayflies (order Ephemeroptera), 
for example, moult 30 times or more, while 
locusts moult only four or five times. At each 
moult there is a progressive increase in the 
relative wing size and gonad development as 
well as in general proportions, In the Endo- 
pterygota the wings develop on the inside of 
the larva and on the outside of the pupa 
Winged insects may also be classified into 
two groups according to whether the wings 
are folded along the abdomen or not 

The mode of life of the nymph is basically 
the same as that of the adult: it lives more or 
less in the same place and eats the same type 
of food. There are, however, some notable 
exceptions, Dragonflies [6] and damselflies 
(order Odonata) are exceptional: the 
nymphs are aquatic, the adults free-flying 


1 Desert locust 
Schistocerca gregaria 


head has two large, 
compound eyes anda 
pair of antennae as 
well as the mouth: 
parts. The legs have 
well-developed 
double claws and the 
powerful hind legs 
also have backward 
sloping spines as 
aids for scrambling 
through vegetation 


A further and remarkable exception to 
the general rule in exopterygotes that all indi- 
viduals of a species are similar is seen in the 
termites or “white ants” (order Isoptera) 
These insects are fairly closely related to the 
cockroaches (order Dictyoptera) but have 
shown an evolution of social organization 
convergent with that of ants, bees and wasps 
(order Hymenoptera). Not only are there 
different castes in one nest, but some of the 
castes — workers and soldiers — are sterile 
forms of either sex in an arrested nymphal 
stage of development. Thus young forms play 
an adult role, except in reproduction 


‘The problem of insect pests 
Advanced insects of the endopterygote 
group cause a great deal of human misery and 
death through the diseases they carry, but 
only a few exopterygotes, such as the human 
louse [7], do this. Yet Exopterygota such as 
locusts can do an almost “unbelievable 
amount of damage to standing crops. One 
species alone ~ the desert locust (Schistocerca 
gregaria), which was responsible for the 
eighth plague of Egypt ~ may directly affect 


L__Thors_ 4) L_Head_y 


Blatta onentals 


7 
2 Cockroaches (order 3 
Dictyoptera) are un- 
specialized insects 

that live by scaveng- 

ing. This species is 

2.5¢m (Tin) long and 

is found in Europe, } 
Cockroaches are not é 
often seen because 

they are nocturnal, 

but one may find 

their egg cases 

holding 16 egas 


Ennwig 
Forticula 


3 The elegant hind 
wings of earwigs 
(order Dermaptera) 
fold up under 
short wing cases, 
These insects have 
biting mouthparts 
with which they 
feed ona wide 
variety of mat 


Aphis sp 


insects 
Tho world of insects, 
Colourtul bugs and 
beetios 


Advanced insects 
Avariety of 
advanced insects, 
Thojoint-legged 


Antenna 


4 Greently or plant 
lice of the order 
Hemiptera and fam 
ily Aphididae are 
small insects about 
3mm (0.25in) long 
They are often 
serious crop pests 
as they occurin 
enormous numbers 
and throughout the 
world the 2,000 or 
more species prob- 
ably do more damage 
than any other insect 
pests. Most aphids 
have remarkable 
reproductive powers 
as the females may 
produce young 
parthenogenetically, 
that is without fer- 
tilization by a male. 


more than ten per cent of the human popula- 
tion of the world, It is an opportunist, breed- 
ing rapidly after unusually heavy rains, and 
can then suddenly spread out into more than 
20 per cent of the world’s terrestrial habitat, 
eating all greenstuff in its path. 


‘The attack on plants 
Locust swarms consist of countless millions 
of insects, blackening the sky across a front of 
many miles. Ina bad year they cause hun- 
dreds of millions of pounds’ worth of damage 
and contribute to the death by starvation of 
many thousands of people. The red locust 
(Nomadacris septemfasciata) and the mi 
ratory locust (Locusta migratoria) have been 
effectively controlled by extensive interna- 
tional effort and expense but the desert locust 
isa much more serious problem. 

One of the features that has led to the suc- 
cess of the exopterygote insects is their 
chewing mouthparts. A number of groups 
have modified their mouthparts over 
evolutionary time to produce an apparatus 
adapted for sucking the juices of plants and 
animals, The bugs (order Hemiptera) of the 


7 fice 
(order Phthiraptera) 
are small, wingless 
external parasites of 


and the heed louse 
which lives on the 
hair of the head on 
which it lays its. 


human eggsor “nits”. Lice 
wre dangerous be: 
tworaces:thebody cause they transmit 


typhus, trench fever 
and relapsing fever. 


louse, which lives 
in the body clothing. 
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LY ‘ 
Reitlae slice Wag an” 
8 Thrips are tiny mouthparts with 
pests of the order which they suck up 


plant juices. The 
onion thrips in both 
adult (1) and nymphal 
{2} stages infest 

a number of hosts 

to which they may 
transmit the tor 
spotted wilt virus. 


Thysanoptera. They 
are significant for 

the damage they do to 
crops and for carry: 
ing disease, They 

ged 
wings — or none at 

all - and unusual 


sub-orders Homoptera, which include aphids 
[4] and the cicadas, and the Heteroptera 
(including the shield bugs), are among the 
scourges of the horticulturalist, for their habit 
of imbibing the juices of plants provides a 
route for the entry into those plants of 
pathogenic organisms. These bugs and thrips 
of the order Thysanoptera [8] may thus 
damage crops indirectly as well as directly. 

The same principle, with respect to 
animal hosts, applies to lice [7]. And when 
present in large numbers even relatively 
lowly insects such as earwigs [3] and mole 
crickets (9] can cause considerable harm to 
the plants on which they feed. Nobody who 
grows plants can avoid supporting one or 
more species of exopterygote insects unless 
he expends an enormous amount of time, 
money and energy on their control. 

In their way some of the Exopterygota 
may be said to be as successful as their more 
advanced and more numerous relatives, the 
Endopterygota. But there are fewer exo- 
Pterygotes of benefit to man. One exception 
is the scale insect (Dactylopius coccus) used 
to produce the red dye cochineal. 


5 Cicadas are true 
bugs. forming part 
of the order Hem: 

iptera (Homopte 


They are renowned 
for their monotonous, 
high-pitched sound, 
produced only by 

f 


the base of the abdo- 
men, Magicicada sop 
tendecim of the USA 
lays eggs in trees, 

The nymphs drop to 
the ground and bur- 
row to the roots from 
which they suck up 
sap (Al. After 17 
years the nymphs re 
turn to the surtace, 
climb a tree and 
finally moult 

into adults [B). 


9A Ho hot 


Achota domesticus 


. Nymph 


mip 
Theps 


9 A great variety 
of form exists among 
exopterygote insects, 
‘The cosmopolitan: 
house cricket [Al is 
particularly common 
in warm places where 
food is prepared and 
cooked and it ofter 


6A me 


key 


Mamita 


Dragonfly 
Anas imperator 


Nymph 


Male cricket 
Grylloralpe gryHotalpa 


inhabits bakeries. 
The stick insects [B) 


the purposes of cam 
ouflage, mimicking 
the plants on which 
they live, These adap- 
tations may seem 


‘The chewing mouth- 
parts of exopt 
gote insects are one 
Of the keys to the 
animals’ succes 
The head-on 


of 


locust shows the 
basic pat 


units: the mandibles, 
the maxillae and the 
labium or second 
manillae, with an 
‘extension of the head 
ton, the labrum, 


every 
strong and are used 
for chewing the 
resistant plant cel- 
lulose that forms 

the staple diet. The 
first and second 
maxillae both have 
sensory and manipu- 
latory parts by 
means of which the 
food is tested and 
subsequently guided 
between the man 


Mandible 


Latium 


6 An incomplete. 
metamorphosis, such 
as occurs in dragon 
flies (order Odonata), 
may be an adaptation 
to take advantage of 
different habitats. 

The adult form [A] of 
Anax imperatoris 0 
fast-flying predator 
on other insects 
while the nymph [B] 
is aquatic, preying 

‘ona variety of lite 

in freshwater ponds, 


Eurvacanthe hovide 


Adult 


bizarre, but the mole 
cricket [C} is even 
more unusual. A 
native of North Africa 
and Eura: 
has greatly enlarged 
front legs for dig- 
ging the burrows in 
which it liv 


41 


Advanced insects 


Of all insects, those that have a four-stage life 
cycle ~ egg, larva, pupa, adult - are the ones 
that are both most advanced and most 
successful. They total more than two-thirds 
of the 1,000,000 different insect species and 
include such familiar groups as the moths and 
butterflies (more than 160,000 species), bee~ 
tes (more than 350,000 species), bees, wasps 
and ants (about 110,000 species) and true 
flies (about 75,000 species). Because of their 
numbers and worldwide distribution they are 
of great biological importance, To man they 
are both a help and a hindrance 


The butterfly life cycle 

The butterfly has a life cycle [1] typical of 
advanced insects. After mating the female 
lays her eggs on a selected food source which 
may be completely different from that of the 
adult. The eggs hatch ina matter of afew days 
(or even a few hours) into larvae (caterpil- 
lars). It is during this larval stage that many 
insects do great damage to crops, and 
caterpillars such as those of cabbage white 
butterflies may strip leaves down to bare 
“ribs” in a matter of only a few days. 


The complete metamorphosis of the larva 
to the adult stage is via a “resting” phase, the 
pupa (chrysalis). Within the pupa larval tis- 
sues are transformed into those of the adult 
(imago). The most dramatic changes include 
the development of wings and the muscles to 
power them and also, in many insects, a com- 
plete change in the feeding apparatus - in the 
butterfly from chewing larval mouthparts to 
sucking adult ones. 

The life of the adult insect is frequently 
short and serves only as a dispersal and 
reproductive phase. Many adult insects do 
not even feed but rely solely on the energy 
derived from fat stores laid down in the vora- 
cious larvae. However, some adult insects 
will, if they emerge late in the year, hibernate 
over the winter and delay egg laying until the 
spring. These include a number of butterflies, 
among them the peacock (Inachis io). 


Keys to success 

The advantages conferred on those insects 
that,undergo complete metamorphosis (the 
endopterygotes) are manifold. Differences 
between the food eaten by the adults and 


larvae allows the larvae to exploit food 
resources that are not available to the adults. 
‘The larvae, because they are not involved in 
reproduction, can be highly camouflaged or 
live inside their food source - in plant stems 
‘or dung, for example — and are thus well pro- 
tected against predators, such as birds, The 
immobile pupa, although it is helpless and 
needs protection from enemies, is necessary 
for the great change to the adult. The pupa 
stage also endows the advanced insects with 
an effective, enforced dormancy period 
during adverse seasonal weather conditions. 

The evolution of advanced insects has 
favoured those species in which the end of the 
pupal phase coincides with the onset of 
conditions conducive to adult survival, and 
thus the survival of future generations. The 
flying adult stage increases the chances of 
successful mating and allows dispersal of the 
fertilized eggs over a wide area. 

The endopterygote insects play a major 
role in the maintenance of land ecosystems, 
They form the principal food of many birds 
and most bats; they act as the chief plant 
pollinators and contribute enormously to the 


7 2 Housefies (4) eat 

any liqu 
organic matter. The 
‘mouthparts (8) cor 
sist of a probose 
folded beneath the 
head when not inuse. 
This 
3 Like housefies, 
crane-flies or 
daddy-long-legs are 
true flies of the 
ducedto special 
balancing organs, 
the haiteres [1]. 
flight these viby 
with the wings. Any 
deviation from the 
3 

1 Thecabbagewhite —andafterfourmoults ary eyes|3] and typical insect he: those of the nerves 

butterflyhasacom- —_isfully grown [D] antennae [4], After {red}, blood |yellow] 

pletemetamorphosis. _ Ithasthree pairs of the fifth moult [E) and digestion [blue], 

Thefemaie(A}lays "true legs [1] which the caterpillar’s have become mor 

her eggs [8] onthe representthe butter; skinhardenstoform —_andthree pairs of complex at each stage 

underside ofleaves _fly’s lege. and four thecsseofthe pupa —_legs. Th Soon att 

in batches of 100 or pairs of prolegs or chrysalis [F} large. compound eyes 

more. The eggs [2]; claspers atthe Inside this case the [7], clubbed anten- 

hatch into the first endoftheabdomen _—tissuesofthecater- —nae [8] andalsoa 

‘stage larva or cater- and mandibles [5] pillar reorganize to coiled proboscis {9} 

pillar (C], Thalarva forchewing. The form the butterfly The internal sys- by 

Moults successively headbearsiudiment. |G), which shows the tems [H], including forewing spots (10). 
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CONNECTIONS 


Soe also 
Theclassification of 
Insects 

The world of insects, 
Thejoint-legged 
animals 

Avariety of 
‘advanced insects 
Colourtul bugs and 
deetios 


How flowering. 
plants reproduce 


Principles of animal 
behaviour 


(11. Digestive juices 
are pumped ontothe 
foodto liquefy and 
partially digest it. Lett 
behind onthe food 
are digestive juices 
aswell as bacteria 
carried by the fly 
Flies may thus 
carry diseases. 


stable flight path 
Isdetected by them 
and corrections made 
by the fly. The 
operation is similar 
tothat of anauto- 
pilot on an aircratt 
The inset shows a 
{ly deviating from 
its flight path and 
the halteres cor- 
recting for this, 


disposal of dead organisms and waste matter. 
Many feed on the green plants essential to all 
animal life, and also form fundamental links 
in freshwater food chains. They are, how- 
ever, especially in tropical regions, parasites 
and carriers of disease [2]. 


Helpful and harmful insects 
The benefits insects confer on man are many, 
Pollination by insects is essential for many 
crops, including most fruits. Bees [8] are the 
most important pollinators and also make 
honey, one of the oldest crops taken by man. 
Other products derived directly from insects 
include bees-wax, used in polishes, and silk 
from the cocoons of the silkworm moth, spun 
by the caterpillar before pupation 

The advanced insects are used by man in 
the field of biological pest control. This may 
be done by introducing an insect as a pre- 
dator or parasite. In California, for example, 
the cottony cushion scale (Icerya purchasi) 
was successfully controlled by the introduc- 
tion of the Australian ladybird (Rodolia car- 
dinalis). Such insects exercise this type of 
control constantly and help to prevent many 


4 Typical of many female, who fills 
insectsthat benefit the brood chambers 
from mammals’ with it [2], lays an 
faeces arethedung egg ineach and seals 
beetles (order Cole- them [3], Spoil is 
optera), The adult takento the surface 
beetlesofthegenus [4]. The eggs hatch 
Onthophaguscons- _intolarvae which 


truct brood chambers 
for their young |A} 
under cow pats. The 
male excavates the 
dung from below [1] 
and passes itto the 


feed on the dung 
until fully grown 
when they pupate 
IB]. Onemerging, 
the adults burrow 
tothe surface. 


7 Colonies of the 
wood ant (Formica 

rufa) may contain half 
amillion ants, of three 


wings, and layseggs 
in broo ber 
The eggsaretended 


‘mating flights. Nests 
of pine needles create 
mounds 1m (39in) 


attended with great 
care by the workers. 


potential pests from becoming actual ones. 

Scavenging insects, such as dung beetles 
[4], are also vital. When cattle were first 
introduced to Australia the accumulated 
dung rendered grazing lands useless until 
dung beetles that could utilize it were intro- 
duced. On the debit side insects can cause 
man great economic damage. Insect pests 
may damage crops and stored products and 
also carry diseases fatal to man and livestock. 
Malaria is carried by mosquitoes, while the 
tsetse fly (Glossina palpalis) carries nagana 
and sleeping sickness, diseases afflicting 
cattle and man respectively. 

Crop damage can be severe. The boll 
weevil (Anthonomus grandis) causes annual 
losses of $200 million to the American cotton 
crop, while in the absence of chemical or 
biological control the codling moth (Cydia 
pomonella) can cause losses in apple yields of 
up to 50 per cent. The Colorado beetle (Lep- 
tinotarsa decemlineata), which originally fed 
on the buffalo burr plant but developed a 
taste for the cultivated potato, has spread 
rapidly throughout the world wherever 
potato plants have been grown. 


SHouse-tly 
Musce domestica 


Key 


OREE 


Bubonic plague is 
transmitted to man 
via the ratflea 
(Xenopsyila cheopsis) 
ofthe insect order 
Siphonaptera, The 
adult rat fiea (1) 

feeds on rat blood 


[1] in batches of 100 
or more and, depend- 
ing on the tempera- 
ture, hateh in 1to 
Sdays. The larva (2) 
pupates [3] aftera 
minimum of 5 days. 


6 The potter: 

build clay pots 
attached to plants. 
They paralyse cater- 
pillars with their 
stings and place them 
inside, The female 
lays an egg ineach 
potandthe emerging 
larvae feedon 

the comatose but 
living caterpillars. 


before laying eggs. 
Most of the eggs (2) 
drop tothe ground; 
there they develop 
indirtand litter. 
Hatched larvae [3] 
feed on this before 
pupating [4] and 


Potter wasp 
Eumenes courtice 


then emerging as new 
adults which hop on 
topassing hosts. 
This type of life 

cycle is very adapt- 
able because it 
includes a resting, 
resistant pupal phase. 


8 Astrong colony of 
the honey bee (Apis: 
mellifera) may have 


‘The queen (1) lays up 
to 1,500 oggs.a day: 
fertile eggs in queen 
cells [B] and worker 
cells, unfertilized 
eggs in drone cells. 
‘The larvae (2) are 

fed by the workers 
andwhenthe larvae 
pupate [3] workers 
cap the cells. Emerg- 
ing bees [4] dodom- 
estictasks forten 
days, including help- 
ing workers [C] and 
drones [D] to emerge. 
Then they start comb- 
building [E]. They 
take food from forag- 
ing workers [F] and 
storeit [G]in pollen 
[5] or honey [6] celis. 
They also remove 
debris or intruders 
(H), including other 
queens {I}. The hive 
iscooled by wing 
fanning [J] orkept 
warm by huddling [kK]. 
After three weeks 

all the workers 
become foragers. 
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Colourful bugs and beetles 


The orders of bugs (Hemiptera) and beetles 
(Coleoptera) are often regarded with distaste 
and distrust and lumped together in popular 
language as “beetles. They are, however, 
completely distinct groups that are not even & 
closely related. Between them they represent 
nearly half the known number of insects, the 
beetles numbering more than 350,000 
species, the bugs more than 50,000 species 
From this great diversity some of the most 
spectacular have been chosen for illustration, 

Bugs and beetles are found in almost 
every available habitat on earth, exhibit a 
wide variety of shape and size and include 
some of the largest, heaviest and most col 
ourful insect species. A common charac 
teristic of all bugs is their piercing and 
sucking mouthparts with which they extract 
their liquid diet from plants or animals, The 
beetles, in contrast, usually have chewing 
mouthparts employed equally efficiently on 
plants and animals. Most bugs and beetles 
have one pair of wings that is used for flight 
The other pair is modified and hardened as a 
protective covering in all beetles and partially 
or completely in bugs 


bette 1 The oak forests of CONNECTIONS 
Cucanus co Europe and Asia are 
the home of the fear 
some-looking stag rine 
beetle (family Lucan: dvance 
idae). Only the male The classification of 
has the “antlers’ 
and can grow to Bem 
(3in), The larvae 
feed in rotten wood 
and take about three 
years to mature, 
Adults emerge after 
three or four years, 


2 European 
cockchafer 
Melolonths 
metolonths 


4 Only the male 
carpenter's longhorn 
beetle or timberman 
(family Cerambycidae) 
has the enormously 
elongated antennae 
Those of the female 
ara much shorter 

This European beetle 


5 The ground beetle 5 
is one of several 


= pa eect erat / 
3 The common cock- 6 The bold yellow 6 \ 
chafer or may-bug ‘stripes of the Euro. 

famnly Maiooae panier 

feces pet dee omer ca 
@ppears in vast num: The adults grow to iain 
fomevenraaere Tem (07 es 

four years. The adults are classified in 

so asen haa thesarpe tent? 


Hydrophilidae) was species of the genus ances 

Popular in Victorian — Carabus (family Car- Ground beetle | 
equaria but is now abidae) found in ‘arabus 

rare through over: Europe, Asia and problamaticus | 
collection. It is one North America, It : | 
of the largest Euro: measures about 2.5cm | 


pean water beetios (in) long and is 
reaching Sem (2in) an active predator 


rcules beetle 7 Largest of the 

nites hercules European ladybirds, 
the 7-spot (family 
Coccinellidae) grows 
to 8mm (0.4in). Both 
the adults and the 
larvae feed on 
aphids, During the 
winter large numbers 
hibernate together 


ladybir 
ptempunctots 


8 The beetle with with the stag beetle 
the longest known top only the male poss. 
totail measurement esses the wlongated 
is the Hercules horns, the function 
beetle of tropical of which is unknown, 
Central America Most members of the 
(family Scarabaeidae), group to which this 
Including the "horn" species belongs are 
itgrowsto about 15 found inthe South 
cm (6in) long. As American tropics 


9 Tree hoppor 
Umbonia spines 


12 Shield bug 
Eurydems ornatum 


12 The family of 
shield bugs (Penta- 
tomidae) contains 
‘over 3,400 species. 
Most feed on plant 
juices sucked from 
the stem through 
piercing mouthparts. 
This one is about 
2em (0.75in) long 


Minders sp 


- 


16 Assassin bugs are 
members of a large 
family (Reduviidae) 
of about 3,000 
species of blood- 
sucking insects 
found throughout the 
world. Some are c 
riers of tropical 
diseases of man, 


Lantern tly 
Pyrops sp 


10 Pond skater 


9 The family of tree- 
Gerris odontogaster 


hoppers (Membra- 
cidae) has over 2,500 
known species distrib- 
luted throughout the 
world. One of this 
bizarre family is 

the 1.4cm (0.5in) long 
Umbonia from Central 
and South America. 


10 Pond skaters or 
water striders (fam. 
lly Gerridae) are 
found worldwide and 
some species are 

- even marine, They 
Fun on water sup- 
ported by surface 
tension and are most 
‘common on the sur- 


The spine resembles face of stagnant or 
the thorns of the 2 slow-moving water 
plants on which This species is about 


this species feeds, 8mm (0.3in) long. 


111 The powerful beak 
of the aquatic back: 
‘swimmer (family 
Notonectidae) can 
inflict a painful 

bite. As its name 
suggests this bug 
swims on its back 
propelling itself with 
its elongated, hairy 
hind legs. it grows 
to 1.6cm (0.5in) long 
and feeds on small 
aquatic creatures. 


11 Backswimmer 
Notonecta glaves 


—_ 


Frog hopper 
Aphrophore aini 


14 Water scorpion 
Nepa sp 


16Lace bug 
Sinvessa subinennis 


13 The frog hopper 
(B] of Europe is a 
member of a largely 


covering the young 
insect [A] probably 
helps prevent it 
from drying out, 


14 The tail of the 15 Many of the 600 
water scorpion acts species of lace bug 
asa "snorkel" al- (family Tingidae) 


are found around the 
Mediterranean, Like 
the tree hoppers 
they are highly orna: 
mented, They feed 
‘on plant sap and 
may be crop pests, 


lowing the animal to 
breathe under water. 
‘The 250 species of 
its family (Nepidae) 
are mostly tropical 


They feed on small 
aquatic anima 


17 The bugs known 
as lantern flies belong 
to the family Fulg 
oridae. They grow 

to about 6om (2.5in) 
and come from South: 
East Asia and South 
America. The purpose 
of the proboscis, 
which may be nearly 
as long as the body, 
remains a mystery. 


Lantern fly 
Pyrops connectus 


A variety of advanced insects 


Butterflies and moths, wasps, bees and ants 1 1 The heavily buitt, hairy underside of CONNECTIONS 
are some of the best-known insects and a galtary Megachile’ the abdomen and ee 

small selection of the many interesting and Megachilidae) are layer. This bee grows tone rend 
spectacular species are illustrated on these known as leaf-cutters. to about 1.2cm (0.5in). ofinsecte 
Pages. These insects are members of two of Bi J tarts la cabins hat Theworidot 
the most advanced of all insect orders. The eamsamauretoe Choortal bogs 
butterflies and moths are classified in the with their belongs to the family and beste 


order Lepidoptera, the bees, ants and wasps 
in the order Hymenoptera, The families of 
moths and butterflies include some of the 


powerful jaws [8] Melittidae. Of all 
The leaf sectionsare —_ bees this group ha: 
used to line the egg 


cells [A]. Each is baskets” on the hind 
most beautiful of all insects, while the bees, filled with poll legs. The bee exca- 
wasps and ants are remarkable for the high meniona say sat Micke ttetet- aad 
degree of social organization shown by some lawscied: Polente Bra pach Gorter 
of their number, particularly the honey bees collected on the ing pollen and one egg. 
that produce food for man in many different 
parts of the world. The most economically 24 


important species of moths are those from 
which silk is obtained. 

The known species of butterflies and 
moths total 165,000; of bees, wasps, ants and 
their allies 110,000. Both groups are distri- 
buted worldwide and many species of 
Lepidoptera conflict with man’s interests, 
being ranked as some of the most noxious of 


agricultural and forest pests. Their caterpil- fy cseter bow lihicches 
lars can be particularly voracious. Megachile centuncutaris Desypode hutipes 


3 The ichneumon 4 The mud-dauber s % 
wasp (family chneu- wasps (family Spheci- 

monidae) has.along dae) are found world e /? 
‘ovipositor (here separ- wide but abound \ 

ated trom itscover- —_in the tropics. Re 

ings). itis The nest cells of 

e998 under the solitary wasps > 2 
of other insects and 

larvae. This one is 

3.2cm (1.25in) long, 


Velvet ant 
Mutilla europaea 


z 5 Female parasitic 6 The velvet ant (fam 

/, wasps of the family ily Mutittidae) is in. 

: Dryinidae have mod- fact a wasp that 
ified forelegs for lays its eggs in the 
holding bug nymphs —_nests of other soli: 

f \ in which eggs are laid. tary wasps and bees. 

Mud-dauber wasp d 


Seelipnvon so 7 Ants of the sub- tropical speci 
Dring wasp family Dorylinae are they roam for 

iegaurvious magni"0}commanty known as areas in long 
army, driver or le, columns feeding 

jonary ants, Nomadic — on small animals. 


ted 


Army ant \ 
Cheliomymes andicolus 


Ahysse persuasorie 


: 8 The Australian bull- 10 All true social vi 11 The orange tip 
dog ants (sub-family wasps belong to the (family Pieridae) lays 
Ponerinae) family Vespid its eggs on plants of 
‘aggressive and have Many species, such as 
pincer-like mandibles. this one, are solitary B 
They growto2.5em and even social ones a ially the lady’ 
(in) and make sub- may form only small me smock (Cardamine 
terranean nests,each —_ colonies. The egg pratensis). The chry- 
containing a few: chambers are stocked "a. is attached 
dozen individu: with moth larvae, with a silken girdle. 
a 12 Mimiery is strik. 
Ss i simon 
illo ant 8 Many species of the These provide food 10Vawid woup ge-tip leat butterfly o' 
Mamas family of gallwasps andshelterfortne de-u/#"5 8° Aenean had southern Asia, which 
(Cynipidae) cause veloping larvae. This cardamines 
cancer-like growths species produces 
~ galls —on plants. galls on oak trees. 


Gall wasp 
Andricus Leaf buttertly 
tala’ Kallimacha inachus 


46 


South American swatlowta) 


Eurvtides ovotesilaus 


13 Of allbutterflies American species, 14 The turquoise 
the swallowtails like other members of and brown swallow- 
(family Papilionidae) _the family, has the tail of New Guin 


are among the most 


typical hind wing hi 
beautiful. This South 


“tail” extensions. 


wing span 
of about 10cm (4in), 


16 


15 Africa is the home 
of several species of 
swallowtail, This 
large green species 
is one of those lack: 
ing the typical 

‘toils’ tis 

found in West Africa, 


18 New Guinea is the 
home of this swallow: 
tail, one of the 
smaller but typical 
species. Its wing 
span is Bom (2.5in) 


Graphium wersker 


Papilio 
17 Thisisoneofthe —p0/yxenes 
15 species of swallow: 
tall found in North 
and Central America 
and also in Cuba. Its 
measurement from 
wing-tip to wing-tip 
is about 7em (3in), 


Skipper buttertly 
Ochiodes venata 


21 Hawk moths 
(tamily Sphingidae) 
such as the convolvu 
Jus hawk are found 
worldwide. Many 
have a long “tongue”. 
used to extract neo: 

tar from tubular 
flowers. These moths 
often feed on the wing. 


(23 There are about 
3,000 species of the 
skipper butterflies 
(family Resperiidae) 
found throughout the 
world. The large 
skipper of Europe 
has a wing span of 
3.5cm (1.25in). The 
name is derived from 
its erratic fight. 


16 The brilliant col- 
‘ours, “tail streamers” 


‘and a slow flight 
‘are characteristic of 


‘one of the best-known 
groups of European 
butterflies ~the 
‘swallowtails of the 


on various plants of 
the carrot family 
(Umbelliferae). The 
chrysalis is attached 
to the food plant and 
stays dormant until 
the following spring. 
Swallowtails are 
distributed through: 
‘out the world, but in 
Britain this species 

is confined to the 
Norfolk Broads and a 
few acres of natural 
fenland in Cambridge: 
shire. This butterfly, 
like other European 
and North American 
species, is becoming 
rare because its food 
plants are being dest 
royed with herbicides: 
and by fen drainage, 


European swaliowta 
Papilio machaon 


lS) 


19 


18 The scarce or sail fa Limenkisarchippus 
swallowtail lives in 
the warmer parts of aanadai 
Europe but is becom- fulness 
ing increasingly ra Dansue 
The caterpillars food plexnpus 
on the leaves of 
blackthorn and rowan. Eyropeen 

swallowtailed 

‘moth 

Ourapterys 

‘f Pe 
20 Aform of protec- —_learnttoavold. The —_icked by the viceroy. 


tion that has been 
evolved by some 
particularly 
butterflies, is mim- 
lery. A harmiess 


American monarch 
butterfly, for e» 
ple, is poisonous to 
birds due to the 
presence of cardeno 


The bright color 

ation on the wings is 
repeated on the under- 
sides of the wings of 
both butterflies so 


lide, aheart poison, _—_that they are con- 
external appearance ands rapidly regur-_—_spicuous, The butter- 
of a harmful form gitated if devours: flies are members of 


that predatorshave The monarchismim- _two different families. 


22 The swallowtail 
‘moth is a common 
British species also 
found from central 
and southern Europe bad 
to Siberia. ts cater- 
pillars eat ivy, 

sloe and hawthorn, 
tbelongs to the 
family Geometridae. 


Lackey moth 
Malacosams neustria 


Cinnabar moth 
Callimorpha jacobaeae 


25 The cinnabar moth 
(family Arctiidae), 
seen here alongside 
found 
in Europe. Its bright 
colour warns pred- 
ators that it has an un 
pleasant taste. The 
caterpillars feed 
mainly on ragwort. 


24 The caterpillars 
of the lackey moth 
{family Lasiocamp 
dae) live communally 
on hawthorn and simi 
lar bushes and trees 
which they may strip 
of their leaves. 

Eggs are laid ina 
collar around 8 twig 


a 


Starfish and sea-urchins 


Echinoderms, the group of “spiny-skinned 
animals [1] that includes the starfish and sea 
urchins, are found throughout the world’s 
oceans, on the sea-bed, in rock cavities and 
shallow coastal waters, and buried deep in 
sand. There are more than 5,500 spe 
grouped zoologically into five classes. 


Echinoderm classes 
Sea-urchins (class Echinoidea) are often 
more familiar as beautifully symmetrical 
ormaments than as living animals bristling 
with sharp, often poisonous spines {Key} 
The largest species is Sperosoma giganteum 
of Japan with a 30cm (12in) diameter, but 
most are only about 7.5m (3in) across. Star- 
fish and cushion stars (class Asteroidea), 
often brilliantly coloured, are some of the 
most beautiful creatures in the sea. The 20. 
rayed star (Pycnopodia) of the Puget Sound, 
USA, is one metre (39in) across, but some 
cushion stars, with their short arms, are only 
1.2m (0.Sin) in diameter. Less familiar are 
the peculiar limp sea-cucumbers (class 
Holothuroidea) that crawl along the sand 
the tiny, brittle stars 


(class 


delicate 


1 Although diverse = 
in body shape, these 
creatures are all 
spiny-skinned” ani 
mals or echinoderms. 
The five groups 
sea-lilies [A], sea. ‘e 
urchins (8), brittle 
stars (Cl, starfish |D) 
and sea-cucumbers, 
[E|~all have the 
same basic body plan 
{1-5}, with a body 
pattern that has 
structures present 
in fives. They alt 
Possess locomotory 
tube-feet [blue] 
which are part of an 
Internal system of 
canals filled with 
fluid, an external 
skeleton of calcar 
eous plates embedded 
under the skin [ye a 
low] and a mouth 
[red] to rake in food 
‘and sometimes to 
give out waste. They 
are all marine and 
mostly live on % 
sand or on rocks. 


Radial canal 


2 Water powers the 
movement of the star 
fish's tube feet. 

tis drawn through 

a series of tubes 

into a radial canal 
supplying each arm 
The radial canal 
divides into lateral 
canals, each with a 
valve and ending in 
a bulb-like ampulla 


and a foot. During 
movement the 
ampulla contracts, the 
lateral canal valve 
closes and water is 
forced into the foot 
which elongates [A], 
swings forwards and 
adheres to the sub: 
strate. Longitudinal 
muscles then contract 
shortening the foot 


0 


Ophiuroidea), often found massed together 
in isolated patches on the sea-bed; and the 
Primitive sea-lilies (class Crinoidea), mostly 
found in deep water 

All these echinoderms, although it is not 
obvious in the sea-cucumbers, have pen 
tamerous symmetry ~ that is, the body can be 
divided into five parts round a central axis, 
They may have evolved from a mobile bila 
teral ancestor that became sedentary, took 
on a more adaptive radial symmetry and then 
resumed at free-moving existence 

The starfish and sea-urchin scem unlikely 
relatives, but if the five arms of the starfish 
were drawn above the centre of the animal 
and sewn together, the result would. be 
similar to the body form of the urchin. 
Another common feature is the external 
skeleton of bony plates just under the living 
skin, In sea-urchins, the plates are fused to 
form a rigid box, but in sea-cucumbers are 
reduced to microscopic spines (spicules) 


How echinoderms move and feed 
Most echinoderms move, even if slowly. Star 
fish, and to a greater extent sca-urchins, have 


3 The tube-feet of 
a sea-urchin are 
seen, in close-up, 

to be capped by suc: 
tion pads, When the 
feet contact a solid 
Jace, the centre 

of the sucker is 
withdrawn, producing 
@ vacuum and adhe: 


Lateral canal 
IB] and forcing fluid 
back into the ampulla. 
Each foot is 
controlled by an ir 
tricate system of 
nerve fibres and 
works independently, 
but during forward 
movement all the 
feet in the leading 
arm or arms move in 
the same direction 


inflexible, rigid skins and for movement have CONNECTIONS 
to rely largely on peculiar small appendages Rees 
called tube-feet, which are blind-ended sacs Tho anima 


arising from an internal system of water- 
filled tubes in the body cavity or coelom. The 
feet are extended and retracted hydraulically 
to produce movement. The sea-urchin is 
clothed in bands of tube-feet armed with suc- 
kers [3] that can be extended beyond the long 
spines when a vertical rock is to be climbed. 
Starfish and cushion stars use the rows of 
feet on the undersides of their arms to cling 
on to rocks in heavy seas [2]. Brittle stars and 
basket stars move by wriggling their long 
arms. Some sea-lilies and feather stars are 
sedentary. Their flexible arms are joined in a 
stalk that is anchored to rocks or sand. Tub 
feet are used only for respiration and feeding, 
Sca-lilies feed on organic particles that 
fall through the water round them. The parti 
cles are caught in grooves on the arms and are 
moved by hair-like cilia. The sea-urchin shuf- 
fles over rocks, rasping off tiny plants and 
nimals using an elaborate _ chewing 
apparatus. Waste is ejected through a hole in 
the top of the shell. With nerve 


weshoid of the 
vertebrates 
odd 
backbones 


Evolution af life 


endings 


sion. Contraction of 4 
muscles and removal 

of water {rom the 

feet lifts them from 

the surface once 

more. In this way 

the sea-urchin can 
move rapidly over 

rocks and even climb 
vertical surfaces. 


stomach into the body 
of its prey and start 

to digest it, outside 
its body. Stomach 
juices reduce the 

soft parts of the 
shellfish to a semi: 
liquid mass which can 
then be drawn into 
the stomach, The 
empty shells are 
finally discarded, 


4 To prise opena 
shelifish, the star 
fish makes uso of 
the adhesive force 
of its tube-feet, 
firmly attached to 
the two shall valves. 
By applying a strong, 
steady pressure the 
starfish opens the 
two shells far enough 
to push part of its 


highly sensitive to touch [5], most of the star- 
fish seek out shellfish. They open bivalve 
shellfish [4] using adhesive tubular feet. 
Others swallow crustaceans, molluscs and 
small fish, and the crown-of-thorns starfish 
(Acanthaster planci), lives on coral polyps 
and has greatly damaged the coral reefs in 
the Pacific Ocean. Sea-cucumbers extract 
nutrients from ingested sand 


Means of protection 

With no rapid means of escape, most 
echinoderms have some means of protection 
against enemies. Most familiar, especially to 
unwary bathers, are the sharp spines of sea- 
urchins, such as those of the hat-pin sea- 
urchin (Diadema setosum), which rests on 
the sand in the clear, shallow water of the 
Great Barrier Reef and can inflict painful 
wounds. The spines can also be rotated like a 
drill and used to burrow into rocks and sand 
for shelter. Sea-cucumbers of the genera 
Holothuria and Actinopyga shoot out sticky 
white threads through the anus to ensnare 
enemies. They can also eject viscera through 
their mouths and later regenerate a new set 


The powers of tissue regeneration of 
echinoderms are remarkable. The common 
Pacific sea-star Linckia sp can lose all its arms 
but providing a small piece of one remains 
attached to the central disc, it will regenerate 
five new arms. The brittle star Ophiothrix 
fragilis can break into pieces if it is handled 
ly, each piece regenerating into a new 
dual, As well as providing an escape 
from predators, regeneration is also a means 
of reproduction. A single male brittle star 
(Ophiactis savignyi) colonized a reef in the 
West Indies and by self-dividing formed the 
whole reef population. 

Sexual reproduction involves separate 
males and females. Females shed eggs into 
the seawater, where they are fertilized by 
sperm from the male. In the spring spawning 
each female sea-star may release up to wo 
million eggs. Some cold-water echinoderms 
brood their eggs. In a Californian sea- 
cucumber (Thyone rubra), development 
takes place in the coclom and the young leave 
through the anus. Others brood eggs on the 
body surface. In most echinoderms fertilized 
eggs develop into mobile larvae [7] 


Key 


Madroporite plato Anus, Tubefeet, — Spines, 


Water 


vascular ring 
Ampulla 
tube-toot 
Plate. 


Gilt 


Sea-urchins are rowing into rocks and. — movable teeth which 
the only echinoderms in conjunction with rasp encrusting, 
five columns of tube- organisms from the 
feet, for locomotion, _racks. Surrounding 
the skin are fused Between the spines, the mouth, five 


to form a rigid box 
ortest. Sharp, 
sometimes poisonous 
spines are used for 
Protection, for bur- 


pincer-like pedicel 
ariae prevent any 
thing settling on the 
test. The mouth is: 
equipped with five 


the chief centres of 
respiration, ex- 
changing oxygen 
for carbon dioxide 


Se 


A 
p 
8 
Cross jawed 
Dedicellana 
¢ Steayght-jaw 
pedieatani, Kc 
turned on its back, 
‘Stalked the common sea- 
pedicollana (Asterias rubens) is 
Trdactyt capable of righting 
podicellaria itself. The tip of 
5 Jaw-like pedicell- ina seissor-|A] or on the outside they 8 
ariae are found be- forcep- |B) like open; touched on the 
tween the spines and rangement, Se: inside, they snap 
tube-feet of ses (C] and stalked (0) shut. Some are pois- 


urchins and starfish, —_pedicellariae of si 
The stalked pedicell- urchins have thret 
arige of starfish jaws using a pincer- 


have two small bones 
[1] which articulate 
with a basal bone 


like movement, The 
Jaws are operated by 
muscles; if touched 


Doliotane 
larva 


° 


Eehinoplutous 
larva 


‘onous and used for 
defence; most capture 
small prey and pre- 


rigid body surface. 


Avrieulacia 
ava 


Goose star 
Anseropods placenta 


7 Larval echinoderms 
are the free-swimming 
stage between the 
fertilized egg and 
the adult. Larvae 
vary in appearanc 
but most have bands 
ofcilia [1] to waft 

food into the gut [2] 
and to provide a 
means of larval disper. 
sal. Two-weok-old 


Ophiopluteus 
larva 


one arm is twisted 
IA} so that the rows 
of tubo-foet can 
grip a hard or 
focky surface, With 
this initial foot 


hold, the rest of the 
arm gradually turn 
‘and moves backwards 
[B} so that the body 
folds in half. The 
three gripping arms 


now pull the body 
right over, so that, 
ina slow somersault, 
the starfish has 
regained its nor. 

‘mal position {C] 


Purple aun star 
Solaxter endeca 


Basket star 
Gorgenacephalus cory 


Purple heart urenin 
Spatangus purpureus 


8 The sun star 
and the goose star 
bands; three-day-old are both sea- 


arily attaches it- 
self to rocks. The 
purple heart urchin, 


sea-cucumberlorvae _bed dwellers and adapted to bur- 
[Cl have a single band, they illustrate the rowing in sand, mud 
which later breaks diversity of shapes. and gravel, is found 
into rings [B}. Se within the class ‘offshore from Nor- 
urchin larvae (0), Asteroidea. The 10 the Mediter- 
feather star ranean, The basket 
lives on the Euro- star isa deep- 
larvae (E] haye pean continental water inhabitant of 
‘extended larval arms. shelf and tempor the North Atlantic. 
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Invertebrate oddities 


The animals without backbones, the 1 Tongue worm 


Tongue 2 Peanut worm CONNECTIONS 
invertebrates, are a group of creatures com °2"*##R0lus anowarus 


Phaxcolion strombi 


; Seeslzo 
prising about 95 per cent of animal species Thermal 
and found in evéry available habitat on earth, ee 
The main groups of invertebrates have been animals 
described on the previous pages, but there Heel raced 
are, in addition, many small, bizarre groups, Eanhworms, | 
some of which are illustrated here. Most of ragwormaand 
these are aquatic and those that are not have Thejoint lopped 
often assumed parasitic life-styles inside Lc a 
other animals pam e urchins 
Although they may appear insignificant Small peracrcn” aa sso soomeae 
many of these “odd” invertebrates play an vertebrates that belong to the phylum Fossils without 
important part in the food chains of other vginthelungs Sipunculida, These = 
animals ~ the marine species, for example, Sf vanebrates Tey worr-like, marine in- 
‘may be eaten by shrimps, the shrimps by fish are all less then ecteorhe ed aera 


- 0.1-24in long) live in 
and the fish by man. And to the zoologist the frit empty shells or buried 
description and investigation of these ani small sub-phylum of in mud and feed by 
mals, many of them too smalll to be seen with the arthropods Feige fecal ll 
the naked eye, provides an endless source of (joint legged ani- 
fascination and discovery. faa! borne the 

” 4 Pentastomida. The 
The invertebrates were the first animals Claseificana. 
{0 appear on earth and it may be that these of this group is 
mare groups will provide more clues uboutthe _&8ed on the appear 
. ance of the adults, 
early steps in the evolution of the higher ani- Sey nine, Stu! 


mals, including man himself, pairs of claws. 


4The "bear animal 4 
cules rci- 


“Bear animalcule” Echiniseus spinulosua 


Fustra foliacen 


oF Echiuid 

grades are very small gl Echiurus echiurus 
invertebrate rela. 

tions of the arthro: 


pods. Most are less 
than 0.5mm long and 
inhabit the film of 
covering 
mosses and lichens, 


8 Grathostomule 5 Marine muddy 
i sands are the home of 
minute, transparent 
worm-like animals of 
the phylum Gnatho- 
stomulida, which are 
related to the trey 
living flatworms. 
They are all less 
than a millimetre 
long and have heads 


3 Thecolonial,sed- etal shells around 


bearing long, hair- 6 The echiurids are substratum. They 

entary Flustra ap- themselves, Flustra like cilia, The body small phylum of 
pears at first sight is a momber of th is covered with short worm-like invert: 
more like 8 plant phylum Ectoprocta cilia. Both male and erates that live mouth or proboscis 
than an animal. In (Bryozoa), Starting female sex organs are buried in sand or These worms, ranging 
fact itis made up jife.as a single found in each indivi ‘mud in the sea bed from 210 600mm (0.1 
of numerous smal! zo0id it forms a dual, but reproduction or inhabit rock to 24in) long have a 
creatures called colony by budding, is by cross-ferti- crevices. They feed simi 
2o0ids which secrete The zooids remain lization, About 50 on detritus which rms (Annelida) 
protective skel connected internally, ‘species are known. is spread over the and may be related 

8 Prigputia 9 Antow worm 


Nemattean wor Prapulus bicaudetus 


Sagitta elegans 
[Lineus ruber 


7 Most nemertean 
worms are inhabi 
tants of the seas of 
the Northern Hemi- 
sphere, These un- 
Segmented creatures, 
which may be up to 
27m (90ft) long, live 
in shallow waters 


where they feed on 

both live prey and | 

detritus. Under 8 The priapulids are Halicryptus, is known. 9 The arrow worm is _vary in length from | 

certain conditions 8 group of cylindrical The relationship of a member of a small 2.5-10cm (1-4in) 

the body of the worms that in these animals to phylum known as the and each worm con- | 
worm may spontan- habit the muddy other invertebrates Chaetognatha and is tains both ovaries ) 
eously break up bottoms of coastal ramains a mystery. common inthe sea’s and testes, Repro: 

into tragments that watersinthe colder but their anatomy is _plankton in all the duction is by self- 

can stay alive and. parts of the oceans ‘somewhat similar to oceans of the world. fertilization and 

even regenerate into to depths of about that ofthe nematodes Although they usually the first stages 

new individuals. A 8,000m (26,000ft) (threadworms). The move only in ocean in the development of 

few nemertean worms — in both hemi ispheres, species illustrated currents, these the embryo take place 


live as parasites in Apartfrom Priapulus —heremeasuresScm animals aracapable _inside the body 
other invertebrates. only one other genus, (2in) in length. ofswimming. They of the adult worm. 
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10 Pedicelina cecoua V1 Rotter Trichotnia tetractis 11 The rotifers or 13 Moniliformis moniitormis 
. “wheel animal- 
cules” are microscopic 
creatures found 
chiefly in fresh- 
water lakes and ponds 
but also in the sea. 
They are less than 
2mm (0.1in} long and 
belong to the phylum 
Aschelminthes. They 
feed on other small, 
floating organisms. 


nz Phoronid 


Phoronis architects 


10 Pedicellina is 3 procta, and forms 12 The phoronids aro 13 Moniliformis is involve several 
small invertebrate colonies that look agroup of sea-dwel- a parasitic invert- hosts, one of which 
that lives inthe sea. _rather like those ling, detritus-feeding —_ebrate worm belong- _is usually an 

tis only 2-3mm in, of the coelente: worms of which only —_ing to the phylum insect, The pri- 
height and lives at Obelia. A ring of up about 15 species are Acanthocephala, a mary hosts are 
ached bya shortstalk to 24tentacles sur- known, Most are less small group of vertebrates and 
torocks, shells and rounding the “body than 20cm (Bin) animals consisting may be freshwater or 
pieces of wood. or or calyx is used long and live in of about 90 genera marine fish, birds, 
to other animals for catching floating tough tubes of chitin _ and 600 species. ‘snakes or rodents, 
such as crabs and food particles. The attached to rocks. All are parasites Some of these para: 
sponges. Itis a calyx contains the or buried in sand. and allhave simple —_ sites. grow to 50cm 
member of a small digestive and repro- Their food consists bodies but complex ——_(20in} but most 
phylum, the Endo- ductive organs. mostly of detritus, life cycles which averago 1-2em, 


“ 14 Dicyemenneais 16 
a tiny parasitic pogonophoran 
Ieetertebrats found Ic ametisebelta Yohanssoni 
in flatworms, moll- 
uss, earthworms, 
starfish and squids. 
It belongs to the 
phylum Mesozoa, 
whose origins are 
Dicyemennea elodones _still uncertain, 


45 The famp shots, 9 $A i 


marine invertebrates Lamp shell 
that look much like ‘egule'eeatine 
molluscs, are grouped 

in the phylum Brach- 

iopoda. They live 


attached to rocks or, 
like Lingula, buried 
in mud or sand. 
Modern brachiopods 
are mostly less than 


5cm (2in) across and 16 Thepogonophor- ormetasome.The 17 

number about 260 ans inhabit chitinous: first specimen of. Kinorhynen 

‘species but the group tubes on the deep pogonophoran wa: ‘hinoderes dujardiny 

had its heyday in the ‘ocean bed. Their discovered in 1900 

Devonian, some 370 bodies are divided but the group was. v4 Ge 
million years ago. into three regions; not accorded its own » rl i » 
More than 30,000 the protosome (2), phylum until 1955. = pe 
fossil species have bearing tentacles (1), The 80 known species 

been found and short mesosome | are from Sem (2in) 

described to date. andalong trunk” ——_to.35cm (14in) long. 


18 The shells of 17 Thekinorhynehs able and bears long 
Foraminifera, when are microscopic spines. Biologists 
enlarged, look aquatic animals of think that these 

the phylum Asch creatures are close 


minthes. The cylin- relations of the 

drical kinorhyneh rotifers for, like 

body is divided them, they possess 
tures that spend their superficially into adhesive glands. 
lives among, and 13 joints or zonites. Most are less than 
feedupon, diatoms. The head js retract- ‘Imm (0.04in) long. 


22 Calcareous sponge 
Leucosolenia boryoides 


sponge (phylum Por- 
ifera) which grows to 
25cm (10in) in length. 
The skeleton is of 


silica. A type of 

shrimp often lives 

trapped within the /enus's tlowor basket 

body of the sponge. Euplactelis asporgilury 
20 The radiolarian simply by splitting in 21Bath sponge 21 Thebath sponge 22 Shallow coastal 
Hexacontium has an half. These micro- Spangia motissina is an inhabitant of water of the Atlan- 
‘ornate skeleton scopic animals have warm seas suchas _ticis the home of 
composed of three existed for millions the Caribbean and this calcareous 
concentric spheres —_—_of years. Their fos- the Mediterranean, —_sponge. Its name is 
that are pierced by il skeletons have After harvesting, derived from its, 
hundreds of radiat- been found in rocks of the sponge is dried, supporting skeleton, 
ing spicules. The the Tertiary period, beaten andwashedto which is composed of 
skeleton is very about 65 million remove hard debris so calcium carbonate 
hard and made of years ago, and are that the only part re- spicules. Each vase- 
silica, Radiolarians used as abrasive, maining is the fibrous shaped part is about 
divide asexually silicaceous powders. spongin skeleton”. Sem (2in) in height. 
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Threshold of the vertebrates 


All animals with backbones, including man 
himself, are chordates. The essential feature 
that all chordates share, and after which they 
are named, is the notochord, a stiffening rod 
running the length of the body [Key]. Ani- 
mals with backbones are known as verteb- 
rates and ure descended from a line of crea- 
tures that appear small and insignificant. 
These animals, the early chordates, possibly 
arose in the carly Cambrian some 570 million 
years ago. Their exact ancestry is still a mys- 
tery, but they are probably 
echinoderms ~ the starfish 


related to 


Chordate characteristics 

The chordate notochord is the forerunner of 
the backbone and is the basis for the attach 
ment of regularly arranged muscles. the 
myotomes, Above it lies a tubular nerve cord, 
the anterior or “head” end of which is 
enlarged and folded to form a brain. In addi. 
tion all true chordates show some evidence of 


paired gill openings and a tail 

The modern remnants of the early chor- 
dates, or protochordates, from which all the 
animals with backbones arose. are a few 


# Ses squirt 
Tunicata sp 


highly specialized “left overs” of group that 
millennia ago was probably numerous and 
highly successful. These comparative rareties 
are classified in three sub-phyla known as the 
Hemichordata (acorn worms), the Uro- 
chordata (the sea squirts) and the Cephalo- 
chordata, whose sole representative is the 
lancelet or amphioxus. The most primitive 
Tepresentives of the “vertebrates proper” are 
the hagfish (12] and lampreys (10, 11]. 


Acorn worms and sea squirts 

The acorn worms, marine mud burrowers, 
are creatures whose physical make-up has 
some features of the echinoderms and some 
of the true chordates. Some acorn worms 
have the tubular nerve cord and most have 
the gill slits typical of chordates but the slits 
are used for feeding rather than breathing 
and although acorn worms possess an 
internal structure that looks like a notochord 
this is formed in the embryo in quite a diffe 

Tent fashion from a true notochord, The adult 
worm may resemble a simple chordate but 
the larval stages of its development [6] are 
almost identical to those of starfish and sea 


1 The exact course 

f early vertebrate 
evolution is impos. 
sible to trace but 
protochordates pro: 
vide what clues there 
are. Similarities be. 
tween larval acorn 
worms. and echino. 
derms suggests that 
they descended from 
echinoderm-like 
creatures, The tuni: 
cates may have been 
the first creatures 

to have gill slits 

buta more signifi 
cant step seems to 
have been the devel 
organs 
idpole’ 
larvae and of a noto 
chord. Free-swim 
ming adult chordates 
then appeared and 
the lancelet is most 
probably a side 
branch from the main: 
stream of evolution 
which resulted in the 
fish, the first of 

the true vertebrates. 


4 The sedentary sea 
Wirt feeds by a 
filtor mechanism 
Water containing 
food and oxygen is 
drawn ina steady 
stream through one 
siphon [1]. Itthen 
enters the pharynx 
[2] whose aperture 
is protected by a 
fing of tentacias (3) 
The internal water 
current is created by 
hair-like cilia tining 
the gill slits (4) and 
passes through them 
into the atrium [6] and 
out via the atrial 
siphon |7]. Mucus, sec- 
reted by the endostyle 
(61, traps food par 
ticles. This mucus is 
then rolled into a 
rope and passed into 
the gut for digestion 
The anus discharges 
waste into the 
atrial siphon, 


5 A branched tube is 
the home of each indi 
vidual of Rhabdo- 
pleura, a colonial 
relative of the acorn, 
worm, New individ: 


urchins and this is evidence for citing the 
echinoderms as vertebrate ancestors, 

Sea squirts [4, 13], peculiar sac-like ani- 
mals most of which spend their sedentary 
lives attached to the sea-bed, have few typi 
cally chordate features except for gill slits. It 
is the free-swimming sea squirt “tadpole 
Jarva" that reveals the sea squirt’s place in the 
chordate line, for some zoologists argue that 
vertebrates may have arisen by a process 
(known as neoteny) in which the tadpole 
larva [Key] did not mature into an adult [7] 
but developed sex organs of its own 

The sea squirts are so called because 
many of them push out a jet of water when 
they are disturbed. Water is constantly drawn 
into and pushed out of the sea squirt body 
and food and oxygen are removed in the pro: 
cess. The other popular name of “tunicate 
comes from their inert cellulose sac or tunic. 

Ofall the protochordates the lancelets are 
the most fascinating, because these small 
Creatures, most of which are sand burrowers 
on the beaches of the warmer seas, have 
simple bodies bearing all the hallmarks of the 
chordates. Running nearly the whole dis- 


Acorn worm 3 
Piychodera 
Nave 


Water currant 


WZ 


3 Worm casts on the 
beach can be made 
by burrowing acorn 
worms such as Ba 
anoglossus, The 
worms live in tubes in 
the sand, the walls of 
which the worm sec: 
rotes. As a result of 
its feeding habits the 


2 The acorn worm 
fives in mud and 
Sand on the bottom 
of inshore marine 
waters, trapping 
detritus and plank: 
ton in its acorn: 
shaped proboscis. 
Iis classifie 
a8. a hemichordate 


6 The larva of the 
‘acorn worm is known 
as atornaria. This, 
larva is one of the 
mainstays of the 
evidence that the 
early chordates, the 
vertebrate ancestors, 
evolved from echino: 
derms, for the 
tornaria is so like 

the larvae of some 


uals are produced by 
asexual budding from 
the creeping base of 
the animal, the stolon 
Rhabdopleura is about 
5mm (0.20in) long. 


CONNECTIONS 


Sve also 
The animal 
kingdom 
Starfish and ves. 
urchins 
Thelife of ish 
Animal anatomy 
Fossils without 
backbones 

Fish and 

amphibians ofthe 
past 
Evolution of ite 
Theworid before 


Worm cast 


worm’s alimentary 
tract becomes filled 
with sand and it is, 
this that is dis 
charged at low tide 
to form the familiar 
curled worm cast. 
Acorn worms vary 
from 2m (0.75in) to 
2.5m (7.5ft) long 


starfish that for 
many years it was 
mistaken for one of 
them. The signifi 
cant difference is 
that the tornaria 

has the gill clefts 
typical of chordates, 
The tornaria is part 
of the zooplankton 
and is seen here mag: 
nified over 30 times. 


tance from head to tail is a notochord below 
the typically hollow chordate nerve cord 
Behind the lancelet mouth on each side of the 
body lie more than 100 pairs of gill slits 
These are used partly for filtering food and 
partly for extracting oxygen from seawater 

Like other protochordates the adult lan- 
celet does not develop from the egg directly 
but is the result of metamorphosis from a 
larva. These larvae, which the 
plankton, may sometimes develop signs of 
sexual organs ~ further evidence that true 
vertebrates may have evolved from larval 
forms that became mature without the 
intervention of metamorphosis. 


live in 


Hagfish and lampreys 

The earliest true vertebrates to appear in the 
Ordovician period were fish-like creatures 
that were possibly ancestral to the hagfish 
[12] and lampreys [10] ~ the most primitive 
vertebrates known today, Neither the hagfish 
nor the lampreys have jaws but both have a 
skeleton made of cartilage and have large 
notochords as well as gill slits, All lampreys 
and hagfish have tubular nerve cords lying 


7 The adult sea 

squirt [C} is formed 
through metamorpho- 
sis of the “tadpole” 
larva which attaches 
itself [A] to a firm 
substrate then 
undergoes gradual 
maturation [B) using 
the yolk [1] for food 


8 The lancelet, a 
resident of sandy 
shores in temperate 
and tropical s 
is placed in the 
sub-phylum Cephalo- 
chordata, It has a 
fish-like body but 3 
notochord rather 
than a true backbone. 


7A 


Trout 
Salmo sp 


Lomprey 
Patromyzon sp. 


S 


Slime hag 
Bdellostoma sp 


@ Loncelet or amphioxus. 


above the "spine", The head of the lamprey 
bears organs of taste, smell and hearing and 
well-developed eyes while the hagfish head 
has a cluster of sensory tentacles round the 
mouth but poorly developed eyes. 

Hagfish and lampreys are far from the 
most attractive of fish, in looks and in habits 
The hagfish are ocean scavengers, feeding on 
any dead or dying fish, crustaceans or mol- 
uses they can find, On locating a dead fish 
the hagfish actually enters jt through the gills 
or anus and devours the body contents 
leaving behind only skin and bones. 

The world’s species of lamprey can be 
divided into wo groups according to their 
feeding habits. One group is parasitic and 
individuals attach themselves to their hosts 
with huge sucker-like mouths, break through 
the flesh with rasping teeth [11] and suck out 
the blood. When the lamprey has eaten its fill 
it releases its oral grip and in doing so may 
inflict a fatal wound, Free-living lampreys 
live only afew months. They feed normally 
larvae but after metamorphosis the gut 
degenerates. The adult cannot feed 
only long enough (a few months) to spawn, 


nd lives 


Branchiostoma lanceolatum 


12 Hagfish scavenge 
the flesh of dead 
and dying fish using 
sucking mouths and 
rasping tongues. At 
the same time they 
produce vast quan. 
tities of mucus from 
pairs of slime 
glands and this is 
thought to protect 
the hag and to make 
its prey die more 
quickly. All the 21 
known species of hag 
fish are marine and 
have retained, over 
millions of years, 

the basic body organ. 
ization of the early 
vertebrates, the 

first animals 

to have backbones. 


Nerve cord! 


Notochora 


Gill ins 


Mowht —Gitstitel Nerve cord! —Notochord 


which is situated a 
tubular nerve cord. 
Gill slits behind the 
mouth are used in, 
respiration and there 
is a post-anal tail 

In the sea squirt 


All chordates con 
form, at some stage 
in their lite cycle 

to a generalized 
body plan A}. This 
has a stiffening rod, 
the notochord, above 


Norve cord! 


10 The parasitic 
lamprey feeds by 
blood: sucking from 
its fish host until 
gorged, To enhance 
the blood-flow from 
its victim the lamp 
rey injects a 
chemical that pre 
vents blood clotting, 


11 Rows of rasping 
teeth arm the inside 
of the lamprey's 
mouth, Those are 
used to penetrate a 
fish’s blood circu 
lation while the 
perimeter of the 
mouth acts asa 
suction device 


3 


Notochord 


Aus! Tall 


chordate features are 
obvious [B] in the 
‘tadpole” larva's tail 
The lancelet or 
amphioxus |C) has 
all the chordate 
characteristics, 


9 The ammocoete 
larva, the immature 
lamprey (8), is espe: 
cially interesting 
because it resembles 
‘embryos of higher 
vertebrates. Unlike 
the larva of am 
phioxus [A] it hi 
heart, eyes and ears 
as in vertebrate 
‘embryos, as 

wall as such typical 
chordate features as 
the notochord, Until 
metamorphosis 
was observed this 
was thought to 

be a species 

quite distinct 

from the lamprey. 


13 The star sea 
squirt (Botry/lus 
schlosseri)is seen 
here encrusting the 
brown seaweed 
Fucus. This tunicate 
isa colonial species 
and classified in the 
sub-phylum Uro 
chordata and the class 
Ascidiacea, The 
colony of tunicates 
may share the same 
body covering — the 
test or tunic that gives 
them their name, 
Several Boiryilus in 
dividuals share one 
water exit or exhalant 
siphon, Each exit 

\s surrounded 

by 3to 12 “petals” 

the inhalant siphons. 
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The classification of fish 


Apart from the primitive jawless fish or 
Agnatha ~ hagfish and lampreys ~ all fish 
belong to one of two great classes: the car- 
tilaginous fish or Chondrichthyes, and the 
bony fish or Osteichthyes, 


Cartilaginous fish 

On the evolutionary scale [Key] the car- 
tilaginous fish are the most primitive of the 
two classes, They include the sharks, skates 
and rays, and their skeletons are composed 
not of bone but of gristly cartilage. Some 
dwell on the sea-bed while others swim in 
mid and open waters. 

There are about 620 species of car- 
tilaginous fish, divided zoologically into three 
groups; the typical sharks (Elasmobranchii), 
the skates and rays (Batoidea) and a rather 
odd-looking group of uncertain ancestry, the 
chimaeras (Holocephali), A characteristic of 
‘most cartilaginous fish is the heterocercal tail 
whose top half is longer than the bottom [1] 
To balance the effect of this on swimming 
ability the shark has fixed pectoral fins and a 
flattened head. 

Most sharks are fast-moving hunters and 


‘Blue Shark 
Prionarce glauce 
3m (104%) 


2 Latimeria, the only 2 

surviving coelacanth, 
acrossopterygian 

and has the fleshy 


fine of man’s early 
fish ancestors. The 
heavy scales resemble 
those of ancient 
species, unlike 
those of modern Coolucanth 
Latimeria chalumnee 
15m (Sit) 
Sturgeon 
Acipenser stun 
5-6m (16-200 
4 The sturgeon be: ton are reminiscent 
longs to the Chon- of the shark's. Some 


drostei, the most species also have a 


primitive group of spiracle. Its scales 
actinopterygians or —_are shiny and large 
ray-finned fish, Its (known as ganoid) 
heterocercal tail and and resemble those 


cartilaginous skele- —_of the early bony 


Alligator gar 
Lepisosteus spatula 
3m (7081) 


are by nature fish-eaters, but they will, in 
exceptional circumstances such as severe 
hunger, attack and savage mammals, 
including humans, Skates and rays are found 
patrolling the ocean floor feeding on seden- 
tary shellfish. 

The largest of the cartilaginous fish are 
ironically the least ferocious and represent no 
threat to most of their undersea neighbours. 
The whale shark, which reaches a length of 
18m (60ft), the basking shark 14m (46ft) and 
the awesome manta ray, which has a “wing 
span” of 6m (20ft), feed only on plankton 
and other minute marine animals. For all 
their immense size the whale and basking 
sharks feed on small creatures and have 
comb-like structures on their gills through 
which they strain their food. 

Most cartilaginous fish, such as the blue 
shark and smooth dogfish, give birth to live 
young, but some lay large, yolky eggs which, 
before being laid, are individually encased in 
a tough, leathery cover. After the eggs have 
hatched, the empty cases can often be found 
on the sea-shore and are popularly known as 
“mermaids’ purses”. Fertilization is internal 


or rostrum. The adult 
fish swims up the 
river to lay its much- 
prized eggs. Caviare 
is processed from 
the ovary before 

the fish can spawn. 


The sturgeon is not 
afierce fish; it 
swims at the bottom 


of the sea, snuf- 
fling out inverte- 
brate food with its 
long, sensitive snout 


and the male has modified pelvic fins, the 
claspers, with which he holdson to the female 
during mating 

All cartilaginous fish, with the exception 
of sawfish and some species of ray, live in the 
sea. By contrast the 20,000 species of bony 
fish are found in both sea and fresh water 
throughout the world 


Classification of bony fish 

Bony fish belong to two  sub-classes, 
the Crossopterygii and the Actinopterygii 
Very few of the former have survived to 
modern times, for they are at the base of the 
evolutionary branch that led to land animals 
The best known of them is the coelacanth 
(Latimeria sp) [2}, which was believed to be 
extinct until one was fished up from 67.6m 
(222ft) off the African coast in 1938. Its 
lobed fins have fleshy hases that actually look 
like the beginning of a limb. The other sur- 
viving crossopterygians are the lungfish [3], 
which can breathe air into a primitive version 
of lungs. They belong to the order Dipnoi and 
are found in tropical conditions in Australia, 
Africa and South America. 


African lungtish 
Protopterus 
1m (39in) 


3 The African 
fishieceecencea™ 
from the extinct Dipte: 
rus, close to ancest- 
ors of amphibians. 
One of the few surviv. 
ing Dipnoi, it lives in 
mud and feeds vora- 


scales probably dif- 
fer little from those 

of its ancestors. 

Like them, ithas a 
short, symmetrical 

tail that is a 
forerunner of the 
homocercal tail of 
teleosts. The gar feeds 


5 The alligator gar 
belongs to the Holo- 
stei, a group of 
actinopterygians 
that lived in the 
Triassic 225 million, 
years ago. Its thick 


Theanimal 


kingdom 
Threshold of the 
vertebrates 
Animal anatomy 
Fish and 
amphibians of the 
past 

Endangered 
species 

Lite in the oceans 
Animaisotthe 


1 The blue shark has 
the typical hetero: 
cerca! tail, pointed 


This 
shark has five 

ill slits in each 
side of the body, 
Many sharks have a 
spiracte behind each 
eye, through which 
water flows to the 
ills. Like most 
other fish the shark 
also uses its mouth 
to take in water. 

The blue shark is 
among the most 
voracious of all 
predatory fish 


ciously on fish and 
invertebrates. It 
breathes through a 
primitive lung. This 
enables it to live in 
swamps and survive 
hot, dry summers 
within its cocoon, 


on small fish, which 
it catches with its 
well-developed lower 


gar travels along 
the surface of the 
water using its tail 
like an outboard 
‘motor propeller. 


The Actinopterygii are the typical 
modern ray-finned fish, The most primitive, 
which are also the most shark-like of the 
bony fish, belong to the infra-class Chon- 
drostei. They share some characteristics with 
the cartilaginous fish, such as the hetero- 
cercal shape of the tail, and they are bottom- 
dwelling scavengers. But their eggs, unlike 
those of the cartilaginous fish, are small and 
fertilized externally. This group includes the 
highly prized sturgeon [4] 

The infra-class Holostei, including 
bowfin and garfish [5], now contains only the 
freshwater remnants of a once large seawater 
group. Its members are fast swimmers, usu- 
ally with truncated heterocercal tails 

The largest group of ray-finned fish are 
the members of the infra-class Teleostei. 
They are the culmination of the evolutionary 
line and seem to be prefectly adapted to life 
in water. Their tails are completely symmet- 
rical and with the buoyancy imparted by their 
swim bladders they do not need rigid paired 
fins, Many species have developed a stream- 
lined form for maximum speed and minimum 
friction while swimming, but the locomotion 


Grayling 
Thymallus thymalius 
‘60cm (24in) 


7 European cattish 
Silurus glanis 
3-4m (10-131) 


7 The European cat- 
fish belongs to the 
largest group of 
freshwater teleosts, 
the super-order Ost- 
ariophysi, which 
includes the carp and 
tench. Its common 
name comes from its 
barbels which look 
like whiskers. C: 
fish are carnivorous 
and prey on other 
fish. They may reach 
4m in length and 
weigh 200kg (440ib) 


96. undulstus 
12-15 (4-5tt) 


G. feragineus 
12-1-m (4-54) 


9 Moray ests, Gyno: 
thorax undulatus 
and G. favagineus, 


ground that provide 
resting places during 
the day. They are 


belongtothe super- largely nocturnal in 
order Elopomorpha _ their habits and sel- 
which includesthe dom move during the 


congers, the largest 
of the eels. Moray 
eels are found in all 
tropical seas and 
favour rocks and 
areas of broken 


day except to poke 
their heads out of 
their hiding places 
and snap at passing 
prey. They can in- 
flict severe bites. 


of each type of teleost is adapted to its mode 
of life. Thus the flatfish “creep” along the 
sea-bed while the freshwater pike is built for 
speed and manoeuvrability, 


Diverse animals 

Teleosts have probably evolved along three 
main lines to give rise to eight super-orders of 
living fish. The first line includes the eels 
(Elopomorpha) [9] and the prolific herring 
(Clupeomorpha). The second line consists of 
peculiar tropical freshwater fish (super-order 
Osteoglossomorpha). The salmon and trout 
(Protacanthopterygii) [6] belong to the most 
primitive group of the third line while most 
freshwater fish, including carp and roach. 
belong to a more advanced group, the 
Ostariophysi [7]. The cod and angler fish 
(Paracanthopterygii) and strange creatures 
such as flying fish (Atherinomorpha) are also 
advanced groups but the final super-order, 
the Acanthopterygii, whose members are 
typically fish with spiny fins, is much the 
largest and most diverse. It includes the stick- 
leback [8] and the seahorses, the perch, mac 
kerel, flatfish and puffer fish 


10 The northern bar- 
racuda and a 
sail-finned surgeon 
fish appear to 

have little in com: 


mon, but both are 
members of the order 
Perciformes, the 
largest order of 
spiny-finned fish 


[Tenonerienthyas 
[_Jortoicnenyes 
ha ciinopterygi 


Living fish are 
classified into two 
major groups or 
classes and one 
minor one. The 
smallest group is 
the Agnatha, the 
primitive jawless, 
fish which include 
the lampreys and 
hagfish. From these 


Soil-tinned 


evolved the carti- 
laginous fish, the 
Chondrichthyes, 
which are furtner 
divided into three 
‘sub-classes. About 
400 million years 
ago the second large 
group, the bony fish 
or Osteichthyes, 
branched {rom the 


6 The grayling is a 
teleost of the Nor 
thern Hemisphere 
and belongs to the 
salmon group, the 
super-order Protacan. 
thopteryaii It has 

‘an unusually tall and 
Jong dorsal fin and 
its colouring is 


cartilaginous fish. 
Most modern fish are 
classified in the 
sub-class Actino- 
pterygil, the main 
subdivision of the 
Osteichthyes. This 

is made up of three 
intra-classes, the 
largest of them 
being the Teleostei 


very variable. During 
spawning the dorsal 
caudal and anal fins 
become deep purple 
in colour, The adults 
are solitary, but 
juveniles do form 
shoals. The Latin 
name comes 

from the fish's smell 


8 The three-spined 
stickleback is one 
of three European 
stickleback species of 
the super-order Acan. 
thopteryaii. The 
males build nests 
and lure females by 
adopting a bright red 
belly colouring and 
performing a.com: 
plex mating dance. 


———————— 


The life of fish 


Fish can be thought of as the most successful 
of the vertebrates, the animals with back- 
bones. They are not only more numerous 
than all other vertebrates, but there are also 
more species of fish ~ probably not less than 
23,000 of them. Fish vary widely in shape and 
habits. Some live in sea water and some in 
fresh: some lurk in the depths while others 
swim just below the surface; some feed 
peacefully on seaweed or plankton and some 
on marine invertebrates and many are 
aggressive predators that feed on other fish 
or even on amphibians or land animals. 


The bodies of fish 

All fish breathe by pumping water past their 
gossamer-thin gills [4], whose numerous 
folds offer a large surface area for the intake 
of oxygen in exchange for waste carbon 
dioxide. Water is pumped by movements of 
the mouth and pharynx and, in bony fish, by 
the opercula (gill covers), in the opposite 
direction to the flow of blood. Asa result the 
blood is highest in oxygen and lowest in 
carbon dioxide when it meets the freshest 
water, with the highest oxygen content 


1 


The typical fish shape has evolved over 
millions of years to allow for maximum speed 
and agility in the water. The most predatory 
of the bony fish are the best swimmers: they 
can cruise at speeds of between three and six 
times their body length per second and can 
turn within one body length. The evolution- 
ary breakthrough for the bony fish came with 
the development of air bladders to keep them 
afloat. The cartilaginous fish such as sharks, 
whose skeletons are composed of “gristle”” or 
cartilage instead of bone, do not have air 
bladders and sink if they stop swimming, 
Their “shoulder” or pectoral fins give them 
lift, but many cartilaginous fish have become 
bottom-dwellers. The bony fish, however, 
released from the constant need for lift, can 
use their pectorals as brakes or paddles for 
swimming backwards; this adds to their flexi- 
bility in movement and allows them to feed in 
a much greater diversity of niches. 

Fish vary greatly in speed and staying 
Power and their different abilities are 
reflected in their muscle proteins. Asa result, 
red meat comes from fast swimmers such as 
tunny, of powerful fish with endurance such 


1 Fish share common 
features, but body 


with water tempera- 
ture. Thus the cod 
(Gadus morhua) (A 
has a lower tempera- 
ture than the tropical 
triggerfish (Balis- 
toides conspicillum) 
{8}. Fish swim by 
means of muscular 
bodies and tails such 
as those of the Ameri- 
can ee! (Anguilla 
rostrata) (C}, and 

can be 
dinthe 
trunkfish (Lactophrys 
triqueter (D). The 
mudskipper (Perioph- 


as five paired open- 
ings in the ray (Raja 
clavata) and the dog- 
fish (Seyliorhinus 


9. 
Typical bony fish 
(teleosts) suct 
the cichlid (Labeo- 
tropheus fulleborni) 
[G}, have skin cover- 
ed with bony scal 
Most fish lay eggs: 
the herring (Clupew 
harengus) (| 
probably lays about 
50,000 at a time. 


5 Members of the of a wave of muscu- 
‘shark group (Elasmo- ar contraction that 
branchii), like most spreads down the 


fish, thrust through 
the water by means 


body. Up to 40 per 
cent of this thrust 


may be supplied by 
the tail, which also 
helps to keep the 
fish swimming 

ina straight line. 


th 


more streamlined 
cousins. Most are sed- 
entary bottom-feeders 
relying on camouflage 
for protection, If 
threatened, rays [A] 
swim by flay their 


[B] by undulating their 
dorsal and anal fins, 


Pectoral fins and flatfish 
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as migrating salmon, and white meat from 
slow-moving flatfish such as sole. 

Modern fish also have the advantage of 
having shed the protective heavy armour of 
their ancestors. Cartilaginous fish, being pre- 
dators, have no need of such armour and 
have developed, instead, a tough, abrasive 
skin. In bony fish the armour has been 
refined into the familiar light, delicate coat of 
overlapping scales that protects the fish 
without hampering its movements, 


‘The senses of fish 

For co-ordination of movement when 
hunting, fleeing or shoaling (for mutual 
Protection), a highly developed set of recep- 
tors has evolved which keeps fish informed of 
their environment. Sharks, for example, have 
an acute sense of smell for locating prey. 
Most fish have keen eyesight and react 
readily to the yellows and greens of their 
watery world. Many have good hearing, 
which is used socially to pick up mating or 
shoaling noises, or sometimes as part of a 
kind of echo-location system in which the 
fish’s own sounds help in the detection of 


Operculum 


[Mouth (Gilt 


CONNECTIONS 


See also 
The classification of 
fish 

Unusual fish 

Fish of seas and 
river 

Life inthe oceans 
Animals. the 


‘amphibians of the 
past 
Lakes and rivers 


grow on their skin are 
similar in structure 
to the teeth 

lining their jaws, 


3 Bony fish have thin, 
‘overlapping cycloid 
or ctenoid scales that 
protect them from 
predators but do not 
hamper movement 
Ctenoid scale 
have spines 
edge for 
‘extra protection 


4 Gills are the 
breathing organs of 
most fish. When a 


opens its mouth, 
draws in water, then 
shuts its mouth 
again, This forces » 
continuous stream of 
water |arrowed) 
through the gill 
slits, over the gills 
and out into the 
surrounding water, 
xygen from th 
water is absorbed in- 
to blood vessels in 
the gills while 
carbon dioxide is 
carried out by the 
expelled water. 


‘objects in the water. The hearing mechanism 
forms part of the labyrinth, an organ essential 
to all fish, that signals position in space and 
angular acceleration and is crucial to the 
fish's balance when swimming. Fish alsa pos- 
sess a unique organ that puzzled land- 
dwelling man for a long time. This is the so- 
called lateral line [10], that works on a similar 
principle to the vertebrate ear, but instead of 
detecting sound waves in air it picks up 
Pressure waves due to movement in water 
This organ gives the fish a kind of “distant 
touch sense" for remote objects, 

All this information is pooled in the 
central nervous system where special centres 
are built on to the basic brain regions [1] 
that deal with automatic functions such as 
respiration and heartbeat. The ears, 
yrinth and lateral fine are linked to the 
hindbrain by the cranial nerves. The large 
olfactory bulb, the organ of “smell” or chem- 
ical reception, is joined to the cerebrum in 
the forebrain, Chemoreception is thought to 
be very important to fish for successful 
navigation, feeding and mating. The most 
advanced part of a fish's brain, where 


Key 


behaviour that has been learned is con- 
trolled, is the optic lobe, which is connected 
to the eyes. The cerebellum has the task of 
co-ordinating sensory information for the 
fine control of movement, 


How fish reproduce 

Fish use various methods of reproduction 
[12]. Some reproduce by fertilizing eggs 
within the body; in some fish the female first 
lays the eggs and these are then fertilized by 
the male outside the body; and a few fish are 
even hermaphrodite. But whatever their 
method of reproduction, fish are enormously 
prolific. A cod may produce eight million 
Eggs at a time, and most fish produce tens of 
thousands, The young are usually micro- 


Scopic and exist at first in the form of animal fish, the first of 
plankton. Most of them perish before havea backbone [4] 
reaching adulthood, but nevertheless many. that keeps the body 
survive. Scientists have estimated, for [i'd against t 


example, that there are about a million 
million herrings in the Atlantic. The teeming 
seas not only signify the tremendous success 
of the fish as an animal, but also provide a 
rich and often \ tal source of protein for 


powerful contra 
tions of the muscles 
(myotomes [8)) during 
movement. Fins are 
based on supporting 
rods [5] that may be 
an. made of cé 


lage or 


formed from modified 
scales. A bony fish 
has ir bladder 

ut [12], 
The ventral aorta [9] 
‘es blood to the 
branchial arteries 

[3] which are pro: 
tected by the oper- 
cula, The brain [2) 

is quite well devel. 
‘oped and the of 


factory bulb [1] is 
Particularly promin. 
ent in sharks, The 
kidneys [7] ie paired 
under the vertebral 
columa. The 

liver [11] is located 
behind the heart (10), 
Tho gut empties at 
the anus |13} just in 
front of the urogen- 
‘tal opening 114) 


7 The fins of bony 8| 
fish serve as fine 
controls for move- 

‘ment. The dorsal 

11] and anal [2] fins 
prevent rolling. The 
pectoral fins [3] 

often serve as 

brakes and the pel. 

vie fins (4] contro! e 


Contre of gravity 


4 Heterocercal tail 


a tendency to pitch 
Upwards as the fish 
slows down. The pi 
@d fins also control 
rising and diving, 

They are used to pro 
duce rolling move- 
ments. The caudal [5] 10 
or tail fin serves: 


» 
and for positional 
sanae, The fluid in 
three semicircular 
canals [1) shifts in 
response to changes 
In movement and 

‘ant this to 
three amputlae (2), 
There sensory cells 
that transmit the 
message to the central 
nervous system are 
stimulated. For 
hearing, otoliths {3] 
‘are moved by sound 
waves (4) from the air 
bladder [5], trans- 
mitted in some fish by 
’ a chain of ossicles [6] 


its body as it swims, 
The dorsal (1), anal 
[2] and caudal [3] 


fins prevent yawing 
(deviating off course), 
Most important for 
the shark-like fish, 
which have no air 


bladder to endow 
buoyancy, are the tail 
and the pectoral fins 
which give lift and 
keep the nose level, 


10 The lateral line 
organs (1) transmit 
infurmation about 
the movement of 
water. The lateral 
line itself (shown on 
mullet) runs 
from head to tail on 
wither side of the 
fish, It consists of 

a fluid-filled canal 
2] with pores 
[arrowed] opening to 
the water through 


is sen: 
sory the neuro- 
mast (4). This is 
made up of a gola 
tinous mass, the 
cupula [5], with a 
cluster of sensory 
hair cells [6] wh 
fibres combine in a 
nerve [7] running 
tothe brain, 


11 A shark’s brain (1) 
is made up of for 
brain (2), midbrain (3] 
and hindbrain [4]. 
From the brain grow 
the olfactory bulbs 
[5], concerned with 


smell, the optic 2 
lobes (6), concerned 
with sight and the 
cerebellum [7], which 
co-ordinates both in- 
coming sensory 

data and movement, 


12 The reproductive 
organs of the perch 
are typical of bony 
fish. The ovary [1] 

of the female [Al and 


‘separate from the 
kidney [3] but may 
expel their products 
through # 
opening, the cloaca 
(4). The eggs are 
fertilized outside 
the female's body. 
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Unusual fish 


Fish have evolved, over a period of 400 
million years, an amazing variety of specia 
adaptations to the different environments in 
which they live. Some of the deep-sea fish 
those that lurk at least 3,000m (9,8S0ft) 
down in the viscous abyssal depths ~ display 
the most bizarre shapes. In contrast the trop 
ical fish ot the coral reefs [1] have some of the 
most brilliant colouring to be found any- 
where in the animal kingdom. Each peculi 
arity, ugly or beautiful to human eyes, has its 
own vital significance to the fish 


Defence and attack 

Deep-sea fish have two special problems: the 
high density of water more than 180m 
(600ft) down, which they overcome by 
having a lightweight skeleton; and the gloom, 
which, for many, is adequately coped with by 
the possession of luminous organs. Some fish 
provide their own luminosity through photo- 
Phores, which are modified mucus glands. 
But others use light from luminous bacteria 
that colonize certain organs where the fish 
can expose or reveal them, for example, by a 
fold of skin. Luminous organs are exploited 


1 The fish of tropical 
coral reefs are often 
brightly coloured. 
Many, such as the 
moorish idol (Zan: 
clus canescens) [A] 
and the longnose but- 
terfly fish (Chelmon 
rostratus} [O}, are 
striped for camou 
flage, The forceps 
fish (Forcipiger 
longirostris) [E] has 
false, rear “eyes” to 
confuse predators 
such as the trigger: 
fish (Balistipus sp) 
(B). Safety from 
predators is, for the 
clown anemone fish 
(Amphiprion percula) 
IF]. provided by the 
shelter of a sea 
anemone’s arms and, 
for the cleaner 


3 The blue trunk fish 
and its relative the 
globe or putter fish 
have unique defence 
mechanisms. The 
body of the trunk fish 


wrasse (Labroides sp) ‘S —- = 
IG), by its eating of the i 
mi nf —_ 


parasites that infest 
the predators. The 
parrot fish (Scarus 
8p) [C] feeds on coral 
which it bites off in 
large pieces with its 
hard, bony jaws. 
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4 African cichlid fish Haplochromis burtoni 


by abyssal fish to attract and lure not only 
members of the same species and opposite 
sex but also other species on which they feed 

Many deep-sea fish have weak jaws with 
large teeth, in contrast to some of the coral 
reef fish that have powerful armoured jaws. 
One group of these, the parrot fish, bite off 
chunks of coral which are ground up and 
expelled, after passing through the gut, as a 
cloud of chalk-dust. The vivid iridescent 
colours of these fish are ingeniously made up 
from the interplay of a few pigments — black, 
red, orange or yellow. This remarkable range 
of colours is involved in sexual display but 
Poisonous species may also use distinctive 
coloration as a warning to predators. 

A notoriously voracious predator is the 
small piranha [9], which has formidable teeth 
and an aggressive temperament so that it 
actually poses a threat to species as large as 
man, The puffer fish [3] protects itself, as its 
name suggests, by puffing itself up inorder to 
‘appear twice its real size and perhaps to deter 
attempts by other species to swallow it 

The puffer manages a temporary change 
in its shape by a special adaptation of its 


2A Flying tah Cypselurus opisthopus 


gullet, but many fish, such as the seahorse (6), 
have evolved more profound and permanent 
adaptive changes in form. A fairly typical fe 
ture of bottom-dwelling deep-sea fish is the 
possession of a long thin tail, which, by 
increasing the length of the lateral line helps 
the fish detect prey more easily. At the other 
end of the scale is the flying fish [2], the spec- 
tacular adaptation of whose pectoral fins 
allows it to glide for several metres through 
the air when propelled from the water by its 
tail. Usually the fish can rise no higher than 
1.5m (Sft) above the surface of the water but 
in favourable conditions can increase this 
height to more than 7m (23ft) 


Adaptations of the sexes 

Sometimes through evolution of form, the 
two sexes of one fish species become very 
different. The most grotesque example of 
such sexual dimorphism is that of the deep- 
sea fish Photocorynusin which the male never 
grows larger than about 10cm (4in) and leads 
4 parasitic life permanently attached to the 
female [5]. The virtue of this arrangement is 
that the female does not have to scour the 


ne. 


‘CONNECTIONS 


See also 
Thelifeotfish 
Theclassification of 
fist 

Fish of seasand 
Animaisot the 
Endangered 
species 

Lakesand rivers 
Wetlands: marahes 
andswamps 

Salt marshes and 
constal swamps 
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2 The flying fish (A) 
has developed wing. 
like pectoral fins 


is encased in solid 
bony armour while 
the putfer fish can in. 
flate itself into a 

ball shape when 
danger threatens. 


sea [B} it holds its 
fins close to its 
© body, takes off from 


that enable it to 
glide through the 
To emerge from t 


Putter flah Spheroides spengleri 


the crest of a wave 
then spreads its fins 
to climb and glide. 


4 The female of the 
African cichlid fish 
carries her ferti 

lized eggs in her 
mouth. After about 
12 days the eggs 
hatch and the young 
fish form a school 
around her head. If 
danger threatens the 
female “calls her 
offspring back into 
her mouth. After 
about five days the 
young depart 


dark ocean depths in a sparse population to 
search out a mate every time she has eggs that 
are ready for fertilization 

Some fish have reproductive habits as 
bizarre as the differences between the 
appearance of the sexes. In the case of the 
seahorse, for example, the male has 
developed a pouch and it is he who nurtures 
the developing young, instead of leaving 
them unguarded as is normally the case. 
Many cichlid fish [4] retain the conventional 
division of reproductive labour between the 
sexes but some females appear to spit their 
young into the world, as @ result of their 
peculiar practice of hatching the eggs in their 
mouths. Immediately the eggs are laid the 
female takes them into her mouth, The male 
has egg-like specks located round the anal 
‘opening so that the female, while attempting 
to pick up the extra “eggs”, takes in his sperm 
and fertilizes the real eggs. 

For fish such as eels [7], salmon and 
steelhead trout spawning can be the end of a 
very long journey. Salmon return to their 
native streams to breed after spending a year 
or more at sea. Pacific species are known to 


@ 


5 Photocorynus sp 


Male 


Fomale 


6 The seahorse is 
related to the pipe: 
fishes and tives in 
tropical and temper. 
ate seas. itis the 
only fish with a pre: 
hensile tail, which 

it uses to cling to 
seaweed. Another dis. 
tinctive feature is 


that the male looks 
after the eggs, carry- 
ing them in @ pouch 
in his belly until 
they hatch, The sea 
horse swims weakly 
with an upright 
stance and is merely 
carried along 

by ocean currents. 


niloticus 


8 The gymnotid fish 
is one of the 

called electric 
t belongs to the 
weakly electrogenic 
species that emit 
egular pulses of 
“urrent from elec- 

ric organs modified 
rom muscle or nerve. 
rheir stiff-spined 
posture enables such 


fish to detect 
‘objects in their 
environments as dis: 
turbances in the 
electrical field 
Special centres in 
the nervous system 
control the electric, 
impulses but how 
the information 

is interpreted 

is not yet known. 


arrive back after travelling between 1,600 
and 3,200km (1,000 to 2,000 miles) and the 
evidence suggests that they are able to recog- 
nize their general course by means of a sun- 
compass sense of direction and the details of 
the last parts of their journey by using their 
well-developed sense of smell 


Electric fish 
Electric organs [8] have developed indepen- 
dently in no less than four families of bony 
fish and also in the cartilaginous torpedoes 
and rays. These organs are all thought to be 
derived from muscle and are usually 
arranged in a series of plates forming an 
organic battery. Some fish are capable of 
generating large voltages. One of them, the 
electric eel (Flectrophorus sp), which lives in 
the Amazon, can generate more than 550 
volts. These large voltages are probably used 
for protection or paralyzing prey; most fish 
that possess electric organs live in muddy or 
turbid water where visibility is restricted 
These fish generate weak electric fields which 
are thought to enable them to navigate and 
find prey but not to kill it 


5 The deep-sea fish 
Photocorynus pre: 
sents an extreme ex- 
ample of sexual dimor- 
phism in fish, The 

male, which is a frac 
tion of the size of the 
adult female, has no 
independent existence 
but lives parasitic 


ally attached to her, 
He latches on by his 
mouth [1] to @ special 
protuberance just 
above her snout and 
takes his nourishment 
from her. In return, 

he supplies her 

with sperm to fer 
tilize the eggs, 


6 Seahorse 
Hippocampus sp 


9 Rod piranha 
Roosaveltiola natterer/ 


10 Angler fish 
Lophius pizcatorlus 


10 The angler fish 
is a sluggish pre- 
dator that lies half 
concealed in mud 
waving an appendage \ 
developed from the 

dorsal fin, Smaller 
jh, attracted by 
the lure, approach 
the angler and 

are sucked into 

its huge mouth, 


key 
Fish live in almost 
all aquatic habitats. 
Some have become 
adapted to living in 
‘extremely inhospit 
able regions. The 


Sewellia lineola 
serve as suckers. 
Fish even inhabit 
caves: the blind 
cave barb is an 
African example 


warm waters of tro. 
pical coral reefs 
while from the freez- 
ing Antarctic seas 
come ice fish. In 
torrential streams 


Grouper inhabits the the modified fins of from Zaire 
‘Sewellia lineolata (underside) Grouper 
Cophalopholis wrodelus 


f, 
tp FNA 
=m 
a. See 


Oo... 


{ce fish Choenodraco wilson! 


7 


European eel Anguille anguilly 


7 The life history this stage they are start the journey 
ofthe freshwater eel transparent “glass back to the Sargasso 
starts inthe Sargasso eels” or elvers. ‘Sea to spawn, What 
Sea where the During the next induces and guides 


adults spawn and 
then die. The tiny 
larvae, known at 

is stage as lepto. 
cephali, are swept 
slowly northwards on 
the Gulf Stream. It 
then takes them three 
years to reach the 
coasts of Europe 
where they exchange 
their somewhat fish: 
like shape for that 
of atiny eel. At 


stage they migrate 
inland up the rivers. 
Eels in the fresh 

water phase of their 
life cycle are known 
yellow eels. Thi 
phase lasts for about 
8 year and then gradu 
ally over the next 

six years the adult 
eels change from 
yellow to silver, Not 
Until they are about 
10 years old do they 


the migration of eels 
is still something 

of a mystery, But it 

is now thought that 
very few European 
eels return to the 
Sargasso Sea. Most 
of the adults spawning 
there seem to have 
made their way down 
from the coasts of 
North America and 
European eels prob: 
ably come from these. 


9 The red piranha 
of South America is, 


sent a threat to 
larger fish and land 


notorious for its ‘animals and evento 
ferocity which, ‘man, They feed in, 
allowing for popular —_bouts rather than 


till 


exaggeration, i 
formidable. It has 
powerful jaws full 

of very sharp teeth, 
‘and makes up for its 
small size ~ 35cm 
(14in) long at the 
most by swimming 
quite often in large 
shoais. These repre 


continuously and 
locate their prey by 
means of their sense 
of smell which leads: 
them, for example, 
to any flesh that 

has already been 
torn and is bleeding, 
They will eat 

dead flesh 


well 
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Fish of seas and rivers 


Fish are found in an extraordinarily wide 
range of shapes and sizes. This reflects the 
many different ways in which they have 
become adapted to the various conditions 
and habitats that the world’s seas and fresh 
waters have to offer. Many fish that live in 
weedy habitats, for example, have peculiar 
outgrowths from their bodies [13] while 
others are decorated with intricate colour 
patterns. Both these kinds of adaptations are 
forms of camouflage, as is the ability of some 
fish to change colour to merge with their 
surroundings, A feature of fish that live in 
muddy waters are the sensory barbels round 
the mouth [12], which are used in locating 
food 

Predatory fish [1] are generally sleek and 
streamlined with large mouths and sharp 
teeth. Flatfish [8], in contrast, feed on the 
bed and are slow-moving. Fish of many 
kinds are vital to man as a source of food, 
particularly the cods [9], herring [6] and flat 
fish. Fish are also the source of fishmeal 
which is used as fertilizer and as pig and 
poultry feed. The fish, in turn, often feed 
upon other fish, their eggs and young, 


4 Australian waters 
are inhabited by 
about 2,000 species 
of fish. Sharks and 
barracoutas patrol 
the seas and inland 
waters abound in 
freshwater types, 
Including the catfish 
and the murray cod, 


3 One of the ocean's 
oddities, the sea. 
horse, is related to 
the pipefish and to 
the stickleback 
These fish have 
bodies covered, in 
varying degree, with 
bony plates and 
have tubular snouts 


5 The sail fin leat 
fish is a kind of 
scorpion fish. This 
coral reef fish 
can change colour 
to blend with its 
surroundings and 
when alarmed may 
‘act dead” by drift 
ing upside down, 


6 One of man’s most 
important food fish 
isthe herring. it 

is classified in the 
order Clupeiformes 
and is found on 
both sides of the 
North Atlantic 

Its average length 

is 30cm (12in), 


7 Weedy regions of , 
rivers and backwat 

ers in southern Asia 

are the home of the 

knife fish, The fish 

are named after their 
vertically compressed 
shape, Their colour 

varies widely, even 
within one species, 

Which makes them Knifet 
hard to identity Notopte 
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See also 
Thelie offish 
Animais ofthe 
Lakes and rivers 


1 All these shark 
species are known to 
venture into Euro: 
pean waters. Like 
other typical sharks 
(Elasmobranchii) 
they are predatory 
fish renowned for 
their swimming 
speed and ferocity 


2 The conger eel, the 
largest of all 

eels (order Anguill- 
formes) is found in the 
Mediterranean and 
Atlantic as far north 
as Scandinavia, It 
commonly reaches 
2m (6.5ft) and weighs 
30-35kg (66-7710), 


Tigor tlathead 


Southern bluefin tuna 
Thunnus thynnus maccoyil 


~~ 


Wiaiens 


Borracouta 


Kingtish 


Seriola grandis 


Pacific 
Mako sh 
Ieurus gla 


8 The flatfish are 8 Halibut 
classified in the Mi hippogiossus 
order Pleuronecti: 
formes. They really 
have “twisted” bodies, 
for as these fish 
develop the bones of 
the skull twist so 

that both eyes are 

‘on one side of the 
head. This side be- 
comes the back of the 
mature flatfish and 
takes ona heavy eo 
pigmentation while ~ Umende 
the other, the thnete 
'blind” side, remains 
nearly white [1] 

Some species can 
change colour as 
they move from rocky Furie 

to sandy ocean Scophthalmus 
bottom and vice versa. raximus 


" Setormohes 9 The cods and their 10 eat weever 


pete Leaclay Trachinus dreco 
the most econom 

cally significant of all 
fish, Congregating in 


vast shoals, they e 
may reach weights of riped goby 
‘over 8Okg (198Ib). Tndentiger 
The burbot isa rigonocephalus 
Haddock f i 
Melanogrammus seglefinus pestvatel Species 


All belong to the 
order Gadiformes, 


10 A great variety 
of species are placed 
in the order Perc 
formes — the perch- 
like fish. They live in 
both fresh and salt 
water. The greater 
weever, tompot blenny, Tompot blenny 
greater sand-eel and Blenmus petiorwgine 
allan wrasse inhabit 
the Mediterranean and Lreriermaahise 
northeast Atlantic. 
ima The River Amazon is 
Matenqonrereeges the home of the Jack 
Dempsey cichlid, 
while both the archer 
fish of estuaries and 
the striped goby of 
coasts come from Bsnaeiwraine 
South-East Asi Labrusbergyita 


~ 


Archor sh, 
Toxotes chatareus 


Jack Dempsey cichlid 
Cichlesoma sp 


Hake 
Merluccius merluceius 


Ling 
Molva moive 


Burbot 
Lota fote 


” 12 Upside down cartish 13 The waters of 

Synodontis nigrivenya \aparerarenomnad 
for their wide var- 
iety of fish—a 13 Cattish 
mixture of tropical, Paraulurus avotus 
Indo-Pacific species 
and others from 
northern waters. The 
‘Leopard cattish putter fish 
Corydoras juli Japanese delicacy, 


Devil puptish 
Cyprinedon disbohs 


iad 

Toadtish 
Prorophryne tvstro 
Nevada pupfish 


12 The name Primitive eyprinid 
Zacco platypus 


me Pecneey toa very large family 
of freshwater fish 
of the order Siluri 
formes which are 
sluggish in their 
movements and have 
barbels growing 
at their mouths. 


‘Owens vallay pupfish 
Cyprinodon rediosus 


11 These three 
species of pupfiah ive Putfor ish 
inthe vestiges of avicsanersasshaaud aie Tetraodon nigropunctatus 
Neves Tota co Salmo clarhihanshaw! 

fish are the rem: 
of a huge aquatic 


fauna. Equally r Fugu exasctum 

isthe Lafiontan << 

cutthroat trout. ~= 6 15 The ability to 
blow themselves up 

16 


when danger thre: 

ens has given the 

puffer fish their 

name. Puffers tend 
to be aggressive but 

14 The cichlids, fights between individ 

perch-like fish of Reticulnted putters uals seldom prompt 

Africa and of South Arotnron reticularis full distension 

and Central America, 

show interesting 


parental care, Both 17 Decorated tiggertah Ciown wiggertoh 
Sexes may take turns Paoudobabites tuscus Falatortes niger 
jack Dempsey cichlia to fan and guard nest: 


Cichlasome Biocellotus 


eggs and fry, from 
potential predators. 


“ommon carp 
‘Cyprinus carpio 


16 The carps are 17 Triggerfish and 
bony fish belonging file fish are co 
Cultwatedcars to the order Cypri inhabitants of warm 


formos. Their large Pacific waters 

bodies are usually When alarmed they 

covered evenly with retreat into coral 

large scales but these cavities and erect poner 

may be missing in their fin spines Es 

cultivated types such [1] to make them Pervagor 
the mirror carp. selves immovable. sovosome 
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The life of amphibians 


Amphibians evolved from fish-like ancestors 
350 million years ago in the upper Devonian 
period. At that time local fern-fringed 
swamps were vacant and provided ideal 
humid conditions for the first conquest of the 
land by animals with no means of conserving 
their body water. 

We know from fossil evidence that the 
first amphibians resembled giant salaman- 
ders with elongated heads and well- 
developed tails. These animals, often more 
than Im (39in) long, moved slowly and clum- 
sily, carrying their heavy bodies from one 
pool to another. By the Carboniferous 
period, many different amphibian forms had 
evolved. These creatures led slow but 
untroubled lives with little competition from 
other animals and an abundance of food 


Adaptation difficulties 

The change from life in water to life on land 
Posed many problems and it took the amphi- 
bians many millions of years to become 
adapted. In fact amphibians never com- 
pletely adapted to this harsher environment 
and still need water to continue breeding. 


1 The life cycle of 
the North American 
leopard frog (Ran: 
pipiens) begins when 
the adult frog (1) 


teaves the long developed [4]. Young 
grass of a wetland frogs at3 months 
meadow and returns have all limbs 
tospondorstream developed but still 
to breed [2). Afew have a tail [5] 


To move more efficiently, amphibians 
developed lightweight skeletons and strong 
muscles to lift their bodies off the ground [8]. 
The limbs of many of the earlier amphibians 
were awkward structures with large bones 
and widely expanded hands and feet, though 
they showed the typical five-fingered (pen- 
tadactyl) limb pattern of higher vertebrates, 
In order to breathe, the amphibians used a 
new method of respiration that involved 
Paired air sacs or lungs. 

Of the many amphibian groups that once 
existed, there are only three modern orders: 
the Anura (frogs and toads), the Urodela 
(newts and salamanders) and the smallest 
sroup, the Apoda or caecilians (elongated, 
blind and burrowing forms). 

There is a great diversity of frogs and 
toads with over 2,500 species adapted for life 
in habitats which, apart from wet lands, 
include tropical forest, grassland and even 
deserts. A common feature of frogs and toads 
is that they undergo a complete change in 
form (known as metamorphosis) during their 
life history [1] 

Male frogs and toads usually call to attract 


females for breeding and also in response to 
danger. Both sexes have vocal organs but 
only those of the male are fully developed. 
The typical croaking noise is produced by the 
vibrations of the vocal cords, a pair of folds of 
membrane in the larynx. Air is passed back- 
wards and forwards between the lungs and 
the vocal pouches, formed below the mouth. 

Nearly all temperate species of frogs and 
toads migrate to water in the spring. They 
find their way with the help of special sensory 
cells ~ osmoreceptors — in their mouths. Cer- 
tain ponds seem to be especially attractive — 
for reasons unknown ~ and enormous num- 
bers congregate there in the mating season, 
The males usually precede the females and 
then attract them by calling. 


‘The amphibian skin 
‘The larval forms of frogs, toads, newts and 
salamanders all have external gills for 
respiration in water but these are lost in most 
adult forms, Mature frogs can breathe in 
three ways [Key]. They use their lungs when 
highly active, the floor of the mouth (buccal 
cavity) when feeding and their moist skin 


gills [4]. The 
fully-grown sexually 
immature larva [5] 
salamander. Adult develops reproductive 
male spermatophores|1| ability. At higher 

re picked upbythe than normal tem- 
peratures and iodine 
concentrations, sex- 
ually mature larvae 
will metamorphose, 


6 months 


1m 
| Proteus anquineus 
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Three-toed amphiuma 
Amphiuma tridactytum 


tenous amphi 
4 lives in caves, The 

P. young have eyes and 

y~ are dark-coloured: 

like salamanders but 

80 features soon 

disappear in the 

| adult forms. 


3 The fire salamander & 


attaining a length of 
28cm (11in). It lives 

in hilly, wooded areas 
and uses striking 
coloration to warn 

off predators. 


6 
South American caecilian 
Siphonops annulatus 


6 The worm-like 


is a typical member 
of the caecilian 
group. Itis blind, 
lives underground 


and 
is found in the south- 


is nocturnal and 
spends most of its 


time in water. earthworms. Caecil- 


Siphonops annulatus 


and probably feeds on 


3 Fire salamander 
~_Silamandra salamandra 


AG 
> 
na >, 


ans live onty in sub- 
tropical and tropical 
regions of the world, 
This species comes 
from South America. 
Itincubates its eggs 
and grows to a length 
‘of 50cm (20in). 


when hibernating, The skin is kept moist by 
secretions from mucus glands in the outer 
layer of the skin, the epidermis. The skin may 
also contain poison glands which are well 
developed in tropical frogs such as Dendro- 
bates and Phyllobates. The virulent poison 
secreted is used on arrows by South 
American Indians to paralyse prey such as 
birds and monkeys. Many of the poisonous 
amphibians are brightly coloured, thus 
warning predators to leave them well alone. 
The use of colour for camouflage is highly 
developed in the amphibians. Three layers of 
pigment cells in the skin can produce colour 
changes by expansion and contraction. 
Newts and salamanders show less devia- 
tion from the generalized amphibians than do 
the more specialized frogs and toads. The 
body shape is usually lizard-like with a dis- 
tinct head. Adult and larval forms are very 
similar and do not generally show the com- 
plete metamorphosis typical of frogs and 
toads. There are eight families with approxi- 
mately 225 species. Like frogs and toads, 
they generally breed in the water. Most of 
them lay eggs and internal fertilization is 


species of frogs and 
toads. In tropical | 
a 199s may be 
{aid in a nest of 
leaves or attached 
toa twig over a 
stream or pond so 
that when the tad- 
poles hatch they 
fall into the water 
to continue develop- 
ing. These methods 
have the merit of 
giving protection 
from predators in 
the vulnerable egg 
stage. Another pro- 
tective step is for 
the parents to carry 
the eggs. The male 
‘of the European 
midwife toad (Alytes: 
‘obstetricans) winds 
the eggs around 
his hind feet and 
carries them until 
they hatch. The ulti- 
mate in parental care 
shown in tropical 


Frogs that show 

this degree of pro- 
tective care produce 
fewer young but 


The maie Surinam 


the chances of toad (Pipa pipa) 
survival are much courts the female by 
greater than in uttering metallic 
species thet lay a calls, then holds 
large number of her in his arms. 


unprotected eggs. The sticky eggs are 


——<$_—— 


common. The male releases a packet of 
sperm (spermatophore) which is taken up by 
the female using her cloaca. 


Courtship displays 

Newts become brightly coloured during the 
breeding season and there is often an intense 
courtship display. Some salamanders exhibit 
neoteny, in which the adult retains features of 
the young larvae, such as well developed 
external gills and translucent unpigmented 
skin. In paedogenesis [2] the creature reaches 
sexual maturity in the larval stage. An 
example is the axolotl (Ambystoma mex- 
icanum). 

The caecilians are the smallest and least 
well known group of amphibians. Many are 
burrowing [6] and all are limbless, showing 
such interesting primitive features as the 
retention of scales in the skin, They have ves- 
tigial eyes whose function is largely replaced 
by special sensory “tentacles” with which 
they fee! their way through the earth. One of 
the better known species is the Ceylonese 
caecilian (Ichthyophis glutinosus), first 
studied at the end of the nineteenth century 


Surinam too 
Pipa pips 


— 
fertilized as they through a true tad- 
are laid singly and pole stage but hatch 
fall on to the ‘out from the female's 
female's back, back 3-4 months I 
sinking in 80 that The South American 


the skin covers them. 
The young do not go 


tree frog (Cerathyla 
sp) carries her eggs in 


Key 
The common frog 
(Rana temporaria). 
uses its lungs [6], 

skin [9] and buccal 
cavity [3] for breath: 
ing. By means of the 
hyoid bone [5], which 


lowers the cavity 
floor, air is drawn 
through the nostrils 
[2]. The frog's eyes 
[are set high on the 


he 


for improved 


vision, The tongue (4) 


is used to catch 
food. The heart 

{8}, typically amphi- 
bian, has two atria 
and one ventricle, 
The eardrum {7} is 
visible superficially 


Dendrobates sp 4 


Marsuplal tree frog 
Gastrothecs oviters 


South American 
Coratnyle sp 


a basket-shaped 
hollow on her back 
until they are ready 


to hatch in a cup of 

linwater formed in, 
a leat. The tadpoles 
of the South Ameri- 


can frog Dendrobates 
are carried on 

their father's back 
but their develop- 
ment is completed 
inthe water. 

In the “zip-bag" 


birth of the marsupial 
tree frog (Gastrotheca 
ovifera), about 20 
fully formed young 
frogs hatch out 

from a pouch on the 
female's back. 


8 Amphibians move 
ontand by various 
methods. [A] A newt 
walks by raising its 
body onto legs 
which act like 


frightened, a newt 
can wriggle along 
‘on its bell 

IB) A frog’s long 
hind legs give 

very good leverage 
for jumping. Both 
legs are thrust 

‘out simultaneously 
to produce a highly 
effective leap. 
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The life of reptiles 


Reptiles, as inhabitants of the earth, are older 
than man and all other mammals, and older 
than the birds. Indeed, early reptilians were 
the ancestors of both the other classes, and 
their descendants continue to share with 
birds such characteristics as the laying of 
shelled eggs, a single knob on the back of the 
skull fitting it to the backbone, and a single 
bone in the middle ear. 

Reptiles appeared about 300 million 
years ago, descendants of the early amphi- 
dians. In the course of time, some grew to 
huge proportions, like the dinosaurs, but for 
the past 70 million years they have mostly 
been small animals, except for the 
Crocodilia, relations of the dinosaurs, 


Reptilian orders 

Four main orders of reptile, totalling some 
6,000 species, exist today. Tortoises and tur- 
tles, of the order Chelonia, are perhaps the 
most primitive group, with skulls like the 
early reptiles, the Saurians. The crocodiles 
and alligators are members of the Crocodilia 
while snakes and lizards, most recently 
evolved and most numerous of the reptiles, 


1 Serpentine loco- 
motion [A] isthe 
conventional means 
of movement for 
most snakes on land 


movement [B), Some 
desert vipers and 


Normat 


=n 


I flight 


ina straight line 
by contraction of 
its belly muscies (0). 


by flattening 
its undersurface. 
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belong to the order Squamata. The tuatara, 
sole surviving member of the order Rhyn- 
chocephalia, lives in New Zealand and 
existed as a species 200 million years ago, 
before the dinosaurs came into existence 
The turtles and terrapins [4, 7] have 
shells, typically with a horny layer covering a 
bony box derived from the backbone and ribs 
plus bony plates which originate in the skin. It 
is an effective armour, but heavy. Land tor- 
toises are slow-moving, with legs adapted for 
weight-bearing; they sometimes have 
elephantine feet. The most common chelo- 
nians are terrapins, amphibious freshwater 
forms with flatter shells than those of land 
tortoises. Their toes are webbed. Sea turtles 
are completely aquatic and eat mainly animal 
food, while land tortoises are largely vegeta- 
rian. No species of chelonian has teeth but 
deals with its food with horn-rimmed jaws, 
the front legs assisting in the tearing process. 
Crocodiles and alligators are found in 
lakes and rivers throughout the tropics, using 
their muscular, flattened tails for driving 
themselves through the water and their 
webbed feet for steering. One ‘Species, the 


Flying snake Chrysopelea pelias 


estuarine crocodile (Crocodylus porosus) 
makes its way to the sea. The sharp, conical 
teeth with which crocodiles and alligators are 
armed are good for seizing their prey but less 
efficient at cutting up a carcase; to overcome 
this drawback the crocodile will spin over in 
the water with its victim in its grasp, until part 
is torn off. It keeps its sharp bite into old age 
for it continually grows new teeth to replace 
the old ones. The alligator differs from the 
crocodile in its dentition. The large fourth 
tooth of a crocodile’s lower jaw sticks up 
inside the upper jaw whereas, in the alligator, 
it disappears into a pit inside the jaw [8). 


Snakes and lizards 
Members of the Squamata, the lizards and 
snakes, share many similarities despite the 
obvious difference between them (lizards 
have five-toed limbs, while snakes are leg- 
less). Lizards usually have eyelids, visible 
external ears and small scales under the belly 
as well as on the back. Snakes have no true 
eyclids, no sign of external ears and possess a 
single row of large scales along their bellies. 
Most lizards are carnivorous, feeding on 


Worm lizard Amphisbaene sp. 


Slow-worm 
Anguis Hagiis 


2 Lizardlocomotion —_ balancer. Worm liz- 
showsseveralvaria- ards are legless 
tions on the typical burrowersthat 
four-footedmethod. tunnel by ramming 
Basilisk lizards can the ground with 
runat1tkm/h(7mph) blunt, strong-skulled 
ontheirhind legs heads. In existing 
alone. At these tunnels they move 
‘Speeds the long tail like earthworms, 
‘acts as a counter- pulling their rings 
‘4 Freshwater spiny soft-sholled turtle 


Tronyx souutorus 


Soa-dwelling loggerhead turtle 
Caretta sp 


Basilisk heard Basilicus sp 


CONNECTIONS 
See also 

The animal 
kingdom 

nakes, 

turtles 

Unusual reptiles 
‘and amphibians 
Reptiles of the past 

of reptiles 


of scalns forwards 
ingroups. The siow- 


this one is limbless. 


4 Some: 
well adapted to a 

life in water, both 
fresh and salt. Seve- 
ral families of 
terrapin or turtle 

are found in lakes 
and rivers, while all, 
true sea turtles 
belong to one of two 
families. The leather- 
backed sea turtie is 
the only member of 
the family Dermo- 
chelidae; all the 
remaining sea turtles 
placedinthe 

ity Chelonidae. 
The seaturties 
possess flippers, but 
the freshwater spec- 
ies usually have only 
modified webbed feet. 


insects and other small prey, but some larger 
species such as monitors prey upon verteb- 
rates. They tend, like other reptiles, to spend 
much of the time immobile, waiting for the 
prey to approach before they grab it, or make 
short rush for it [5]. Iguanas and some 
skinks are among the few vegetarian lizards. 

Camouflage and immobility are their 
main means of defence, but monitors use 
both claws and teeth to protect themselves 
and even small lizards may bite if cornered. 
Others protect themselves by autotomy ~ if 
harried they shed part of their tail at a special 
breaking point, leaving it behind to confuse 
the predator. A replacement is then grown 

In movement, most lizards have a 
straddling gait, Many climb and the gecko, 
which has ridges and microscopic hairs under 
its toes, can walk on an apparently smooth 
ceiling. The flying dragon of southeast Asia is 
a lizard, which glides using flaps of skin, 


Big eaters 
Most snakes move by bending their bodies 
from side to side using muscles along the 
backbone. The sides of their bodies grip the 


5 


5 Flicked outin focus together. An- 
V/s sec, achame- ‘other remarkable 
leon's tongue tipis characteristic of 
sticky and partly this reptile 


prehensile, giving 
the insect victim no. 
chance, In locating 


ability to change 
colour, Colour chan: 
ges are acti 
largely by change 
inlight, asignal 
fromthe eye passing 


independently untii 
prey is sighted, then 


ground. Some species, however, have ad- 
apted to modified means of locomotion [1]. 
Alll are carnivores, swallowing their prey 
whole. Jaws loosely connected to the skull 
and to one another permit an enormous gape 
[10], and allow prey much wider than the 
snake's head to be engulfed by “walking” the 
jaws alternately round it. In this way a 4.8m 
(16ft) rock python has been known to 
swallow whole a 59kg (1301b) impala, and an 
8m (26ft) anaconda a 45kg (100Ib) peccary. 
Large snakes such as these suffocate their 
victims by construction, squeezing the air out 
of them, Others - a minority — have 
poisonous bites. The most dangerous of these 
are the two families of front-fanged snakes, 
the cobras, whose venom mainly attacks the 
nervous system, and vipers and rattlesnakes, 
whose poison affects the blood and tissues. 
Venomous snakes, like others, usually 
flee before a threat, but some use a deterrent 
display - the cobra spreads its hood, the 
rattlesnake rattles its tail. The coral snakes 
have developed garish warning colours, but 
other non-poisonous species have developed 
near-identical colour patterns as a defence. 


Hekson's chameleon Chamaelea /aekson 


via the nervous sys- 
temto pigmentcolls 
inthe skin, Most 
chameleons are well 
adapted for climbing 
with toos fused and 
groupedto form 
grasping hands and 
ot. The tows 


6 Thoegg-eating 
snake [A] guips eggs, 
cracks and rejects: 
the shells. The boa 
constrictor [B] coils 
round its prey, suffo- 
cating it. The camou- 
flaged fishing snake 
IC} seizes fishin 

its back-fanged jaws. 


@OG 


6 Pulmonary artery 
7 Heart 

8 Lung 

8 Liver 

10 Stomach 

11 Pancreas 

12 Intestine 

13 Aorta 

14 Testes 

15 Kidnoy 

16 Posterior vena cava 
17 Cloace 
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The crocodile, the 
largest reptile, has 
remained unchanged 
since the time 


itsrelative, the 
dinosaur, vanished, 


fx 


, 


7 The alligator 
snapper, Macrochelys 
sp, has a lure for 

hon the back of h 
itstongue~a pink 
projection that is 
wriggled like a 
real worm. Fish 
are taken in by 
this bogus bait. 


8 Large alligators 
[A] and crocodile: 
[B] are powerful 
nough to kill and 
(eed on animals up 
lothesizeofa 

cow. The specialized 
gharial (C] has long, 
thin jaws which it 
swings from side to 
ide snapping at 
fish inthe vicinity. 


10 Snake venom is 
produced in modified 
salivary glands, del- 


[Aland their like, 
venom is squeezed 
down a duct (1) from 
the venom gland [2] 
toa fang like a 


hypodermic 
The tangs 
ed andthe huge gape 
IB] becomes apparent 
as the snake strikes. 
Three kinds of cobra 
Spray venom at their 
adversaries’ eyes. 
Their fangs have for- 
ward-directed ori- 
fices [C], unlike the 
“hypodermic” fang [D}. 


0) 9 The fangs of the 
Indian cobra |A| 
areatthe front of 
its jaws, and well 
placed for deliver: 

1g the venom. Back: 
fanged snakes such 
asthe boiga |B) 
generally have 
‘smaller fangs. 


[amet 


Dantine 
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Snakes, lizards and turtles 


There are about 6,000 species of reptiles 
living in the world today. They comprise 
about 25 species of crocodiles, 250 species of 
turtles and tortoises, 2,800 of snakes and 
3,000 of lizards, Most reptiles live in the 
tropics [Key], but a few hardy species, such as 
the common lizard, the adder and the greater 
snake, are found in the Arctic Circle, and one 
lizard lives in Tierra del Fuego. 


‘Temperature regulation 
Most reptiles cannot tolerate cold because of 
the way their bodies work. Reptiles are cold- 
blooded animals. This means that they have 
no built-in contral over their body tempera 
ture and take on the temperature of their 
surroundings, 10 within a few degrees. 
Reptiles are most active when they are warm 
and they are best suited to tropical climates. 
Cold conditions make them sluggish and 
eventually kill them. But reptiles can control 
their temperature to some extent [11] by 
basking in the sun when cold and so raise 
their temperature even above that of the sur 
rounding air. However, they are not able to 
maintain constant temperatures like mam 


1 


mals. Even with body temperatures as high as 
those of mammals they may produce energy 
only one-tenth as fast. Behaviour which takes 
advantage of heat when available and avoids 
unnecessary cooling is important 

In the tropics, reptiles may avoid large 
fluctuations in body temperature, but fa 
from the Equator or at high altitudes it is not 
In northern Europe, low winter 
temperatures make life almost impossible, 
even for hardy reptiles, and they survive only 
by hibernating during the winter. 


Reproduction and growth 

All reptiles reproduce by laying eggs. 
Crocodiles and pythons may lay up to 100 in 
a clutch, and turtles lay even more, but most 
lizards and snakes have smaller clutches. The 
eggshells are hard in tortoises and crocodiles, 
but in other species are usually leathery. The 
eggs are fertilized within the female before 
laying. All male reptiles, with the exception 
of the tuatara, have an intromittent organ — 
single in turtles, tortoises and crocodiles, 
double in lizards and snakes —which is turned 
outwards from the genital opening, the 


cloaca, for mating. Most reptiles have no 
family life and the eggs are abandoned after 
being laid, although they are often buried 
first. Warmth from the sun or decaying 
vegetation incubates them. 

Some reptiles retain their eggs inside the 
oviducts until hatching, or even afterwards, 
so that the young are born alive ~ a condition 
known as ovoviviparity. This process. is 
particularly common in species that live in 
hostile surroundings, such as deserts or cold 
regions, and it has the advantage that the 
mother, by avoiding extremes, protects the 
developing embryos from them too. 

Newly hatched reptiles are miniatures of 
their parents, ready to fend for themselves, 
Poisonous snakes can bite immediately after 
hatching. The rate at which reptiles grow 
depends on food and warmth. An alligator in 
suitable surroundings might grow an average 
of 2.5em (Lin) amonth for the first years of its 
life and pythons might grow three times as 
fast as that, Reptiles grow quickly until sexual 
maturity, which is reached in less than a year 
by some small lizards but not until ten years 
or more by some tortoises and crocodiles 
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1 The green turtle 
(Chelonia mydas) 
ranges through tropi: 
cal seas but the num: 
ber of major breeding 
sites is small, In 

the Atlantic, Ascen. 
sion|sland[1lis 

used by turtles that 
feed on eelgrass and 


‘algae in warm shallow 
coastal waters off 
‘South America (2), By 
unknown means the 
turtles navigate (3) 
2,200km (1,375 miles) 
to Ascension in De. 
cember. Courtship 
and mating [4] take 
place just off shore, 


2 Anolis Ward 
Anolis roquet extremus 


2 Anolis lizards dis- 
play to each other 
by raising their 
bodies and tails and 
flashing the brightly 
coloured dewlap. 
This is an aggress. 
ivedisplay between 
males, Other lizards 
display with flash 
ingcolours. 

and by bowing, 
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Females may mate 
several times [5] but 
sperm can be stored 
for long periods and 

veral clutches [in 
ta} can be fertilized 
from one mating. The 
female leaves the 
water [6] at night. She 
lays hundreds of 


299s in aseasonin 
sandy pits [7], When 
the eggs are covered 
and camoutlaged [6] 
she returnstothe 
80a 9] and after the 
breeding season [10] 
returns to Brazil 
After incubating for 
Upto 10 weeks, eggs 


Old rattle 


birth with aha 
button on the tail 
Each time the skin 
issloughed, anew 
hard tip forms, but 
the segments rom 
the old skin remain. 
inthis way a rattle 
is built up of 

hard, hollow pieces. 


Now rattle 


hatch [11] almost 
simultaneously. The 
baby turtles emerge 
together [12] at night 
and scramble toward 
the sea (13] guided by 
the lighter sky overt. 
They head for open 

water [14] and anun- 
known destination, 


4 The “combat dance” 
isadisplay of rit- 

ual fighting by pairs 
of rival male snakes: 
over a female. Venom 
ous snakes, such as 
these rattlers, do 

Not attempt to bite 
but merely try to 
push each other to 
the groundtoestab- 
lish superiority. 


5 Roptile embryos 
have special devices 
with which to cut 
themselves out of the 
eg. Hatching croco- 
diles |B] and turties 
have a special horny 
thickening of the 
skin on the snout [1] 
called the egg- 
caruncle, The hatch: 
ing blue racer snake 


Blue racor 


cou ‘constrictor 


Crocodile 
Crocodylus sp 


{A\, like other 
snakesand lizards, 
employsan egg-tooth, 
which develops inthe 
midline 

jaw. The tooth: 
large. very sharp 
and projects tor: 
wards. After hatch- 
ing itis no longer 
of any use and 
isthen discarded. 


Unlike mammals, reptiles may still grow even 
when adult, although more slowly 


‘The sense organs 
The sense organs of reptiles vary according to 
species. Crocodilians have reasonable 
eyesight, with the slit pupils characteristic of 
nocturnal animials, but cannot distinguish 
colours. Their hearing is good and their sense 
of smell is probably adequate. Turtles and 
tortoises have good vision and respond to 
colours; they also respond to scents, but their 
hearing is limited. Like many reptiles, they 
hear low notes best 

Lizards that are active during the day 
probably have the best reptile vision, seeing 
sharply and in colour, as would be expected 
from their use of colour in display. Hearing is 
less acute, the animals responding, if at all, to 
the lower end of the sound scale. The excep 
tions seem to be the geckos, which have good 
hearing, and these and crocodiles are the only 
reptiles to produce much sound themselves. 
The sense of smell varies: it is poorly devel 
oped in tree lizards but good in many others. 

Snakes have the oddest sense organs of 


lan python Python motur 


6 Parental care is 
shown by few reptiles, 
Some snakes, such as 
cobras and pythons, 
coil round their eggs, 
and female crocodiles 
and alligators sit 

over their nests. 
Because these ani: 
mals are cold: 


blooded. they cannot 
keep the eggs warm, 
so the main effect of 
their presence isto 
deter potential pre: 
dators, But there is, 
some evidence to 
show that a brooding 
Indian python may 
produce heat by mus. 


8 Asnake sheds its 
skin regularly. The 
old skin undergoes 
chemical changes as 
a new layer of cells 
comes into readiness 
below. The old skin 
splits, usually round 
the lips, the snake 


wriggles out, and 
the old skin is often, 
leftas perfect 

but colourless cast 
Colours show up bril: 
liantly onthe newly 
moulted snake, as in 
this African boom 
slang (Dispholidus sp) 


all. They have an organ called Jacobson's 
organ [9], made up of two small cavities in the 
roof of the mouth, which is used in conjunc 
tion with the tongue. The organ is lined with 
sensitive cells and the twin cavities may ex 
plain why snakes and some lizards have a 
forked tongue. Jacobson’s organ helps a 
snake's sense of smell and many snakes can 
follow a trail by using it. Snakes also have 
unusual eyes. These are covered with a spe 
cial transparent scale or spectacle, which 
replaces the two lids, and a sideways-moving 
nictitating membrane (third eyelid) which is 
normal reptile equipment. Snakes 
colour-blind and their eyesight is not as 
as that of lizards. They lact 
drum that is present in other reptiles 
although they have internal ears, snakes are 
deaf to airborne sounds but often sensitive to 
ground vibrations, 

Some snakes possess warmth detectors 
sense organs that are unknown in other 
vertebrates. These take the form of large pits 
[10] on the face of rattlesnakes and a series of 
smaller pits lined with sensitive cells round 
the lips of some pythons and boas 


the externa 


and, 


Numbers of ger 
ame Aquatic chelonis Tropical regions ore 
MEME Terostrial chelonis the home of many rep: 
5 tile species. Numbers 
‘onthe map referto 
the genera present in 
each area, Although 
they come ashore to 
breed in particular 
areas, sea-turties 


are widely distribu 
ted throughout the 
warmer oceans. The 
only genus of marine 
lizardlives on the 
Galapagos Islands. 
Australasia, despite 
its size, has relatively 
few reptile genera 


wae Stakes 
femme Crocodilians 
me Marin 
EE Marine lizards 
EEE Marine smokes 


Galapagos and Se 
challes giant tor 
toisos.are the larg 
estonland. The 
smallest lizards are 
New World geckos 
Sphaerodactylussp 
which, excluding the 
tail, are only 1.8cm 
(0.75in) in length, 


arethe Komodo 
dragons of Indones: 
with lengths of up 
to3m (10ft). Lar 
echelon 
leather: 
back sea turtle, more 
than 2m (6.5ft) long 
and weighing more 
than half atonne 


able record of its 
length is only 9m 
(30ft). The longest 
poisonous snake is 
the king cobra, at 
5.5m (18ft). Several 
kinds of crocodiles 
may occasionally 
reach 6m (20h). The 
giants among lizards 


7 The longest rep- 
tile that was reliably 
recorded was are 
ticulated python of 
10m (32ft), The ana 
conda is reputed to 
grow larger still but 
while it must be the 
heaviest species of 
snake the most accept 


Gecko Spharodectyius so. 
King cobra Ophrophagus hannah 
Common hzaed Lacerta vivinara 


" Crocodile Cracodylvs $0 


Komodo dragon Voranus Komiodvensis 
cular contraction. 


Some lizards brood 


Leatherback sea turtle Devmochelvs ap 
eggs too, The skink 

(Eumeces obsoletus) Chamasieon Chamawles ap 
actually cleans and Notilesnake Crofalus ap 


turns the oggs, helps 
the young to hatch 
and then grooms 
them for more than a 
week after hatching 


7 L.Grass snake Natrir sp 


130" Giant tortoise Geoehelone sy 


SpE Glin monster Helodeime sp 


9 Thetongues(tjof 10 (>) 
lizards and snakes 
convey particles to 
Jacobson’s organ [2] 
wheresmelis are 
detected. Originally 
part of the nose [3], 
the organisnow 
separated and 
well developed 


10 Asensory pit [1] 
sensitive to infra-red 
radiation, is located 
on either side of 


the face of pit vipers 
and rattlesnakes. 
Even in darkness they 
can detect and strike 
at warm-blooded 
prey such as mice 


11 Reptiles may con- 
trol body temperature 
by variations in be: 
haviour. In the morn: 
ing, when it needs 
toabsorb heat, an 
agama lizard lies 
with flattened body 
ona sloping surtace 
inorder to absorb 

as much as possible 
(A), Later, when 

less heat is needed, 
itturnsitsheadto 

the sun and presents 
asmallersurfaceto 
the rays (8). Finally, 
during the hottest 
part of the day, the 
lizard may seek shel: 

ter fromthe 
(Chor burrow into 
ler soil [D} 
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Unusual reptiles and amphibians 


The amphibians and reptiles are two groups. 1European green 


of cold-blooded vertebrates, most of which 
lay eggs. The amphibians, numbering more 
than 2,000 species, include frogs, toads, 
newts, salamanders and caecilians, and the 
6,000 reptile species include the snakes, 


lizards, crocodiles and turtles. They range in 
size from 2em (0.75in) tree frogs that live in 
bromeliad “vases”, to the 8m (25ft) con- 
stricting snakes, 

Amphibians, because they must keep 
their skins moist in order to breathe, are 
found in wet and humid situations. Most 
species of amphibians live in the tropics 
where they can take advantage of the hot, wet 
climate. Reptiles are also more numerous in 
tropical than in temperate regions, but do not 
rely on the presence of water in order to sur 
Vive. They are common desert animals and in 
this environment avoid becoming overheated 
by hiding during the day 

No amphibians and relatively few reptiles 
live in the sea, Most marine reptiles - the sea 
snakes are an exception — come ashore to 


breed, The biology of amphibians and 
reptiles is described on pages 518-23. 
Boll's coratopheys 


Ceratophiys ornate 


Bovlengor 
Atelopus bou! 


r Two:toned emrow 
poison 1109 
Phyllobates bicolor 


8 The boa constrictor 
isa large snake 

that grows up to 

3.6m (12ft) long, It 
lives in underground 
holes or in trees in 
many areas of South 
America. it preys. 


‘on birds and small 
mammals such as 
rats and agoutis, 
which it kills by 
entwining them in 
its coils and 
crushing them 
until they suffocate, 
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row poison froq 


Constrictor 


1 The European 
green tree frog has 
discs at the ands of 
its toes that enable it 
to grip slender bran: 
ches of the trees in 
which it lives, It 

is found throughout 
central Europe, 
southern Italy and 


3 The horned frog, 
Bell's ceratophrys, 
lives in Argentina, 
The horns are out 
growths of the 
upper eyelids. tt 
uses its large 
pointed teeth to 
attack other frogs. 
which it eats, 


onstricto 


Wagler's pit viper 
neresurus wagle 


Banded sea snake 
Lorieaude colubrine 


eastwards to Asia 
When frightened, 

or when the sky 
becomes overcast, 
itchanges colour 
from bright green 

to grey, For this 
reason, some people 
keep a caged frog 

to forecast rain. 


4 Boulenger's arrow- 
poison frog lives at 
high altitudes in the 
South American 
Andes. Its easily 
caught and local 
people use a venom 
Secreted from its skin 
10 poison the tips of 
thoir hunting arrows 


6 The two-toned 
arrow-poison frog is 
native to Peru. The 
Boison exuded by the 
skin is used by 
Indians to coat 

their arrows. The 

rim of the frog's 
upper jaw is armed 
with small teeth, 


7 The timber rattlo- 
snake is common in 
the northeastern 
United States and 
southern Canada, 
Highly venomou 
rows up to 2m(6.5ft} 
long and is found in 
groups of a hundred 
‘or more in winter 


Tropical hawksbill turtle 
Eretmocholys imbricata 


Box tortoise ¥ 
Terrapane carolina 


Sott-shelled turtle 
Amyde ferox 


2 Tortoises and 
turtles have a 
massive bony shell 
[1] made of plates 

of keratin that are 
fused to the back 
bone [2] and ribs 

[3]. Most can pull 
back their heads 
under the shell when 


danger threatens. 
The North Ameri 
can box tortoise 
spends most of its 
time on land, where. 
as the soft-shelled 
turtle and the 
tropical hawksbill 
turtle are both 
entirely aquatic. 


5 Green turtle 
Chelonia mydas 


7 Timber rattlesnake 


Mangrove snake 
Boiga dendrophila 


Dog-headod 
Cerberus 
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5 The green turtle 
lives in tropical 
Seas but has to go 
ashore on sandy 
beaches to lay its 
eggs. This turtle 
has a flat shell 

and limbs well adap- 
ted for swimming. 
tis valued as food. 


9 Snakes found in 
mangroves include 
Wree-living species and 
species that have 
adopted an aquatic 
way of life. The 

two arboreal snakes 
have become adapted 
to different feed 

ing methods. The 
bird-eating Boiga 
moves rapidly in 
order to catch its 

prey. while Wagler’s 
pit viper is more 

likely to lie in 

wait for prey which 

it detects with 
heat-sonsitive pits 
between the nostrils, 
and the eyes. The 
aquatic snakes hunt 
fish and molluscs 


Aingi 


10 The frilled 
lizard feeds on 
insects and other 
invertebrates. It 
lives in Australia 
and erects its frill 
(normally held back 
against the body) to 
frighten and confuse 
anenemy. It runs 
quickly, sometimes 
with its forelegs 

and tail held 

clear of the ground. 


12 The common 

iguana is one of the 3 
world’s largest liz: 

ards, growing up to 

2m (6.5tt) or more in 

length. It lives 

near rivers in trop: 

ical America. The 

young feed 
mainly on insect 
whereas adults 
leaves and fruit 


Common iquane 


13 The smooth-scaled 
agamid is a lizard 

of southeastern 

Asia. Its body is 
flattened from top 

to bottom, an adapt 
ation suited to i 


14 The bearded liz 


When danger threat: 
ens, the male can erect 
a spiny collar under 


habit of burrowing Its neck. It grows to 
up to 1m (39in) 48cm (19in) in length 
into the soil and feeds on insects, 


15 


15 The Alpine newt, 
an amphibian from 
mountainous regions 
of central Europe, 
feeds on worms and 


insects, Normally 
dull brown or black, 
the male develops 
bright colours in 
the breeding season, 


Alpine newt 
Triturus alpesteis 


Nate 


atv 


17 Snake bodies ref 
lect different lit 
styles. While the 
horse-whip snake is 
built for speed on land 
the sea snake swims 
using an oar-like tail 
The tree snake has 
keen eyesight but the 
burrowing blind snake 
|s almost sightless. 


16 The grass snake 
is found throughout 
Europe, northern 
Africa and central 
Asia, itis not 
venomous and can 
swim. It is also 
known as the Euro- 
pean water snake. 


11 Lizards show 
many adaptations to 
particular environ: 
ments. Atypical 
member of the group 
isa lightly built 

reptile which runs 

on four legs. The 
slow-moving cham: 


eleon has opposable 
toes for gripping 
branches, and the 
burrowing ajolote 

of Mexico has lost 
its back legs. The 
draco can glide up to 
15m (SOft) on its 
membranous “wings' 


" Teal ened 
= 


~ 


Ajolove 
Bipes bipes 


Chameleon 


ee 


Flying dragon 
Draco melanopogen 


Smooth-scaled agamia 
Lerolepis betliena 


ded dragon 


Amphiboluius berbetus 


” 


Horse-whip snake 
Coluber hippocrepis 


Dryophis nasutus 


Blind snake 
Typhlops punctatus 


Banded sea snake 
Laticaude laticovde 
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The classification of birds 


The study of wildlife is possible only if each 
specimen can be labelled adequately and 
unambiguously. The system of labelling birds 
currently in use was propounded by the 
Swedish naturalist’ Carl von Linné 
(1707-78), whose name is more familiar in 
its Latinized form of Carolus Linnaeus. He 
Proposed that every living creature should 
have a “binomial” consisting of a genericand 
4 specific name. The carrion crow, for 
example, belongs to the genus Corvus and is 
specifically Corvus corone. Each of the 8,600 
bird species has its own name 


The basis of grouping 

Several genera of closely related birds are 
grouped together in families and when more 
than one family is considered to have 
descended from a single ancestral form then 
these families are grouped in the same order 
In the case of the Corvidac, the family to 
which the crow belongs, the appropriate 
order is the Passeriformes [28] ~ the largest 
bird order, containing 57 families, includin 
family Fringillidae 
family Sturnidae, the thrushes, family Mus 

of the ostrich, the 


1 
s largest living bird 


b The single s 
is the only me 
of the ord 
Struthioniformes. 


finches. the starlings. 


1 Africa is the home 


nber 


Arctic lo 


8 The great shear. 
water is a sea bird 
of the order Procel 
lariiformes which 
contains four families 


9 The darter. tropic 
bird, gannet 
cormorant, pelican 
and {ngate bird 
families are placed 
in the order 
Pelecaniformes 


n 


11 From Australia 
‘comes the black swan, 
one of the 147 
species of the duck 
family in the 

order Anseriformes 


Black swat 


cicapidae and the swallows, family Hirun. 
dinidae. All the 28 orders of birds are clas: 
sified in the class Aves and the sub-phylum 
Vertebrata (the back-boned animals), 
Although birds are placed in their respec 
tive groups largely on the basis of detailed 
anatomical and behavioural comparisons, in 
Fecent years the analysis of the egg - and 
especially of the proteins in the egg white 
has been used. This procedure has caused a 
great deal of controversy among taxonomists 
because affinities of various bird groups have 
been suggested that are not in accordance 
with traditional ideas. The taxonomic prob 
Jems created by several aberrant groups have 
been solved, however, by egg-white protein 
analysis. The hoatzin —long given a family of 
is now, as a result of this technique 
considered to be a strange cuckoo and placed 
in the family Cuculidae which, with the 
turacos, form the order Cuculiformes [20] 
Examination of the anatomy of the 
flamingos (family Phoenicopteridae), 
showed similarities to the storks. (family 
Ciconiidae, order Ciconiiformes) but studies 
of their behaviour and feather lice suggested 


2 The South American 
rhea is ostrich-like, 

{ts order, the Rhei 
formes, has two 
species in one family 


3 The cassowary and 
‘emu of Australasia 
belong to separate 
nilies in the 
‘asuariiformes 


6 Stavonian grebo 


5 The Arctic loon is 
of four species of 
the order Gaviiformes. 
found in the Arctic 
and tundra regions. 


10 The scarlet ibis 
isa colourful mem, 
ber of one of the 
six families in the 
order Ciconiiformes. 


Darter 
Anhings anbinge 
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Gh 


12 Diurnal birds of 
prey in the order 
Falconiforrnes 
include the falcon, 
secretary bird, 
vulture, osprey 
and hawk familios, 
The hobby is a 
typical falcon, 


Cosuarius casuarius 


relationships with the ducks and geese 
(family Anatidae, order Anseriformes). On 
the evidence of egg-white proteins, however 
flamingos are now thought to be more closely 
related to herons (family Ardeidae) in their 
original order, the Ciconiiformes. 


Convergent evolution 
The several species of large ground-dwelling 
birds - the ostrich, rhea, emu and cassowary 
all resemble each other quite closely but are 
thought to have arisen independently and as 
such are examples of a phenomenon called 
convergent evolution. They are thus clas 
sified in separate orders — the ostrich in the 
Struthioniformes [1], the rhea in the 
Rheiformes [2] and both the cassowary and 
the emu in the order Casuariiformes [3} 

The strange New Zealand kiwi also has its 
own order, the Apterygiformes [4]. Similarly 
the divers are alone in the order Gaviiformes 
[5]. the grebes in the Podicipediformes 
and the penguins in the Sphenisciformes [7] 
The families of tube-nosed sea birds, the pet 
rels, albatrosses and shearwaters, are united 
in the order Procellariiformes [8]. All the six 


3 


6 Slavonian grebes 
belong to the order 
Podicipediformes, 
which containe 20 
species in 1 family 


7 The largest of all 
Penguins, the emperor 
penguin, is found 
in Antarct 
There are 17 species 
of penguins in a 
single family in 
the Sphenisciformes. 


Emperor peng. 
Apne 


13 The great tina 
mou (order Tinami: 
formes} is found in 
South America, as 
e other fifty 
species of the order 
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How birds 
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Reptiles of the past 


4 Kiwis come from 
New Zealand, where 
there are 3 species. 
They belong to one 
family in the ordor 
Apterygitormes. 


Brown kw ; i 
Apterys australis ¥ 
7 


Qe F 


classified in 
six families. 


14 Helmated quinea-tow/ 
Numida meleagris 


families contained within the 
Pelecaniformes [9] are water dwellers. 

The six families of large, long-legged 
wading birds —herons, the shoe-bill, the ham- 
merhead, storks, ibises and flamingos —are in 
the order Ciconiiformes [10]. Although 
differing in appearance from the ducks, geese 
and swan anatomical studies place the three 
species of screamer (family Anhimidae) in 
the same order, Anseriformes {11} 


order 


Family relationships 
Diurnal birds of prey, including the vultures, 
are placed in five families and combined in 
the order Falconiformes [12]. The single 
family of terrestrial game birds of South 
America, the tinamous, have an order, the 
Tinamiformes [13], to themselves. Pheas- 
ants, grouse, guinea-fowl and turkeys are all 
ground-dwelling game birds classified with 
the remarkable megapode family of 
and the South American curas. 
sow family in the order Galliformes [14]. 
Many members of the Gruiformes [15] 
are aquatic birds. Those that are terrestrial, 
such as the bustards and hemipodes, fly only 


15 Ararebirdfrom —'® 


North America is the 
whooping crane. It 

is classified in the 

order Gruiformes, \ 
the members of whose 

twelve families are 

mostly wading birds. 

Whooping crane 

Grusamericar 


2 23 Humming-birds 
and swifts are 
classified in three 
families in the 
order Apodiformes 


Pennant-winged nightiar 
Macrodipteyx vexmariut 


me 
— a 


22 Large-mouthed 
insect-eating birds 
such as the nightjar 
make up the order 
Caprimulgiformes 


Y” Mousebins 


Collus indicus 


rarely. Wading behaviour is a feature of 
several Charadriiformes [16], an order that 
includes the plovers, avocets and oyster- 
catchers, the gulls and auks. 

The sandgrouse are a one-family order, 
the Pteroclidiformes [17], as are the pigeons 
and doves of the Columbiformes [18], and 
the parrots of the Psittaciformes [19]. The 
Strigiformes [21], owls and barn owls, is com- 
posed of just two families 

Nocturnal life-styles and large mouths are 
the features shared by most birds in the five 
families of the order Caprimulgiformes [22], 
@ group that includes the frogmouths and 
nightjars; and small feet and legs characterize 
and give the name to the order Apodiformes 
[23], the group to which the swifty and 
humming-birds belong. Some rather peculiar 
birds, the mousebirds or Coliiformes [24] and 
the trogons or Trogoniformes [25], make up 
(wo single-family orders. The spectacular 
kingfishers, hornbills and cuckoo-rollers rep. 
resent three of the nine families in the order 
Coraciiformes [26], while the Piciformes [27] 
are the woodpecker-like birds of which the 
toucans comprise one of the six families. 


16 17 Pallas’ 


Rutt 
Philomachus pugnax 


16 The ruff (order 
Charadniformes) is 
& member of one of 
the sixteen families 
forming this group, 


Synhaptes paradonus 


The 28 bird 
are arranged in evo: 
lutionary sequence, 


idgrouse 


19 One of the wide- 
spread parrot family 


in the order Psittaci 
formes is the blue 
and yellow macaw. 


Blue and yellow macaw 


23 
Andean hilstr 
Oreotrochilus este 
Ararsraine 
Common cuckoo 
> Cuculus canorvs 
25 
Indian vegan 26 Kingfishers, horn 


Harpactes faxclatus bills and bee-eaters 
are three of the nine 
families in the 

order Coraciiformes. 


26 


starting with the 
most primitive at 
the bottom. The 


numbers on the tree 
refer to the illus: 
trations below. 


17 Dry grasslands 18 
and deserts are the 
home of the sand: 
grouse (order 
Preroclidiformes). 


18 The Australian 
crested pigeon bo: 
longs to the single 
family in the 

order Columbiformes. 


Crested pigeon 
Oeyphaps lophotes 


20 The cuckoo be: 
longs to the large 
of two families that 
make up the order 
Cuculiformes, 


2 


21 Snowy owls of the 
Arctic belong to one 
‘of two ow! families, 
both mostly noctur 
nal, that togothy 
make up the 
order Strigiformas 


ee 
(Sum A th 


28 The largest order 
of birds is the 
Passeriformes, with 
more than half the 
living species. It 
includes crows, tits 
antbirds and finches. 


Rutous-tailed jacamar 
Galbula rutrcauds 


Green jay 
Cyanocorax yncas 


27 Woodpeckers and 
their allies make up a 
worldwide group that 
includes jacamars 
and toucans. The six 
families are all 
classified in the 
order Piciformes. 


24 Mousebirds are a 
family of peculiar 
South African fruit. 
eaters (order 
Colliformes). 


25 Trogons live in 
all tropical forests. 
The single family 
makes up the order 


Kookaburra 
Trogoniformes. 


Dacelo gigas 
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The anatomy of birds 


Birds are the only group of vertebrate ani- 
mals (apart from bats) that are capable of 
true flight, as distinet from mere gliding, and 
their bodies are designed to make this pos- 
sible. Though they are masters of the air they 
are also quite at home on land or in the water, 
and some ~ certain ducks for example - are 
efficient in all three. 

The development of feathers has been 
crucial to this success. Feathers undoubtedly 
came before flight. They were evolved, 
fur, for insulating a warm-blooded body and 
were only later developed and used as 
aerofoils, Birds were probably feathered for 
millions of years before they flew. 


Physical adaptations for flight 

The adaptations of a bird for flight involve all 
of the principal structural and behavioural 
features of the animal. The structural 


changes are centred upon the development of 
strength with lightness, Therefore the bones 
are hollowed or honeycombed, or moulded 
into thin, curved plates in such a manner that 
they are quite strong enough for the jobs they 
have to perform. The light beak takes the 


place of heavy teeth and the feather covering 
is very light ~even though it may weigh more 
than the skeleton, A series of air sacs in the 
body cavity, connected with the lungs, assist 
in respiration 

The rearrangement of bones to deal with 
the mechanical stresses in an animal that 
walks on its hind legs and flies with its front 
ones is seen principally in the pectoral 
(shoulder) and pelvic (hip) regions. The pec- 
toral girdle is firmly attached to the breast- 
bone so that the body is efficiently suspended 
from the wings in flight [7]. This is brought 
about by an extra development of the 
coracoid bones which are absent in: mam- 
mals. Similarly, the pelvic girdle is so 
strengthened and arranged that the hind legs 
can efficiently carry the bird’s weight on the 
ground — or when it is climbing, perched or in 
the water ~ and especially they can act as 
shock-absorbers on landing. Because bones 
are so delicate, they have been strengthened 
by means of fusion. Asin mammals, the three 
bones of the pelvic girdle on each side are 
fused together and to the backbone. There 
has also been a fusion of vertebrae in the 


spine, from the last thoracic (chest) one 
through all the lumbars and sacrals to the first 
few caudal (tail) vertebrae. These fused ver- 
tebrae form the synsacrum, which supports 
the pelvic girdle and lets the legs and wings 
function efficiently without impairing the 
other body functions. 


Limbs and feathers 
The limb skeleton of birds is also much mod- 
ified from the basic vertebrate arrangement 
The bones of the lower leg and the tarsal 
bones of the foot have become elongated and 
fused to provide an extra joint in the limb 
[11]. The thigh bone of birds is usually con- 
cealed in the body wall and feathers. A most 
unusual feature of this limb is the mechanism 
for ensuring @ good perching grip. The toe 
flexor muscles originate above the knee 
Their tendons pass in front of the knee. 
behind the ankle and beneath the toes. When 
a bird's leg is flexed (bent), as when perched, 
this arrangement ensures that the toes are 
pulled in and grasp tightly even during sleep 
In the forelimb the “hand” is much 
reduced, the few remaining bones being 
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2 The detailed 
structure of feath: 
ers, more than any 
thing else, makes 
birds supreme avi 
ators. Each of the 


{1} to form 
the feather vane. 
Lying in the same. 
plane, barbules (4) 
project from the 
barbs on both sides. 
The barbules on the 
side of the barb 

away from the bird's 
body bear hooks 
which catch on the 
unhooked barbules of 


adaptable covering 
They can be strong 
plumes for wings and 
tail, coverts and 
contour feathers for 
maintaining an un- 
broken streamlined 
surface and down: 
feathers for insula- 
tion. The feathers 
lap be than 
ona roof for 
they maintain their 
continuity and con- 
Nections in spite of 


the next barb. A 

gle flight feath: 

large bird, 
many a8 

1.5 million barbules 

to maintain its shape. 


1 Pomary coverts 
2 Marginal covers 
3 Secondary covers 


7 Down 
8 Bristle 
9 Contour feather 
10 Filoplume 

11 Semi-plume 


underlying super- 
Structure, such 


12 Alter anatt 88 wing and 
shoulder joints. 
4 When a bird 
hovers it almost 
4 Apterium stalls. in still air 
5 Dorsal region its body is nearly 
6 Primanes 


vertical, with wings 


7 Secondaries beating horizontally 


B Pelvic region 
9 Rectices, 


3 The plumes, 
coverts and contour 
feathers of most 
birds grow from the 
skin in definite 
tracts, The feathers 
grow from papil 


eagle 
ysaetos 


(“goose pimples 5 The golden eagle, 
Aptana Veatheless which produce one or like many large birds 
areas two sets of feathers will soar on out. 


GREED Prene,teather racts a year, replacing 
old ones and 
also allowing for 


("changes in colour 


stretched, unbeating 
wings if air currents. 
rise faster than the 
bird loses height 


‘Arctic teen 
Sterna paredisace 
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largely fused to form an attachment for the 
primary flight feathers. The first remaining 
digit forms a support for the bastard wing 
which acts as a slot to prevent stalling at low 
flight speeds. The secondary flight feathers 
are attached to the ulna in the forearm. 
Together with the remarkable structure of 
feathers [1, 2], this results in a wing of 
extreme efficiency and adaptability 


Feathers in flight 

The flight feathers of the wing (remiges) and 
those of the tail (rectrices) provide lift and 
guidance in flight, but their aerodynamic 
Properties are not fully understood. In 
normal flapping flight [8] the wing is beaten 
strongly downwards and forwards and then 
more quickly upwards and backwards. On 
the down stroke the wing has such a high 
angle of attack that it would stall if the 
primary feathers did not act as individual 
adaptable aerofoils to prevent this. Each 
feather twists up and back along its length so 
that the total resultant thrust is strongly for- 
wards, the separation of the feather tips 
assisting this, Also, at a certain angle of 


6 Onianding, » bird 
reduces its speed. 

This is usually 
achieved by swinging 
ig the body into an up- 


& 


right position with 
its tail spread and 
its wings beating 
against the direc: 
tion of flight 


S@ 


9 Birds have “in- 
stinet” brains for 
the co-ordination of 
‘complex inborn be- 

_ haviour patterns and 
a well-developed 
corpus striatum 
which controls these 
activities. Mammals 
possess intelligence 
brains with a highly 
developed cerebral 


1 Cerebral cortex 
2 Olfactory bul—small 


bids have poor sense 
of smell 

3 Corpus stratum 

4 Large optic lobes 

5 Cerebellum—musculer 
£0 ordination centre 

6 Medulla oblongata, 
origin of most ot 


cortex. The bird's 
cortex is well enough 
developed for advan: 
ced types of learning 
to occur and this, 
with instinctive be: 
haviour, the power 
of flight and good 
eyesight, enables 
birds to show corn. 
plex behaviour. 


attack, the bastard wing or alula lifts forwards 
from the front of the wing creating a “slot” to 
cut down turbulence over the aerofoil and 
reduce the risk of the wing stalling. Birds cap. 
able of flying slowly have particularly well- 
developed wing slots (large spaces between 
the primary feathers); for example those of 
the golden eagle (Aquila chrysaétas) [5] may 
take up as much as 40 per cent of the total 
wing area when in use. In vultures the tail 
areais particularly large and helps provide lift 
during gliding 

AL the other extreme from eagles and vul- 
tures, seabirds such as the albatrosses have 
Jong, thin wings, These birds rarely flap their 
wings but soar in the wind, principally by 
gliding and accelerating downwind and then 
turning and climbing sharply upwind until 
they almost stall, Their flight is so specialized 
that on still days albatrosses are “grounded 

The specialized wings of humming-birds, 
in which flight feathers are primaries only, 
may beat up to 50 times a second or more 
while the bird is hovering, the stroke being 
horizontal and powered in both forward and 
backward directions 


Key 
Tee 
2 Nostn 
3 for 


8 Spinal 


10 Most manipula- 
tions are performed 
by the bill. The 
woodcock (Scolopax 
‘rusticola) shows how 
complex such proce- 
dures can be when it 
plunges its bill 

deep into mud to 
take a worm. When it 
has reached its prey, 
the bill tip is open: 

ed by the quadrate 
bones [2] rocking 
forwards in their 
seating [3] when 
muscles [1] contract. 
This pushes forwards 
on the jugal bones 
[4], these in turn push 
the tip of the upper 
beak open beyond a 
thin, hinge-like area (5) 


8 Hear 
9 Sternum 
10 Liver 

11 Giezard 
12 Rectum 


13 Duodenum 


7 The flight muscles 
(pectoralis overlying 
Supracoracoideus) [1] 
are attached toa 
large-kooled sternum 
(6] and a pair of 
struts, the cora: 

colds [4], between 
the sternum and the 
shoulder joint. This 
Includes part of the 
wishbone (fused 
clavicles) [5] and 

the scapulae (shou! 


8 The wing move- 
ments of the mallard 
(Anas platyrhynchos) 
show something of 
the intricacies of 
flapping flight. The 
upper arm acts as an 


37 
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7) 


der blades), The 
joint forms a pulley 
through which the 
tendon of the 
supracoracoideus 
[2] passes to be in. 
serted on top of the 
humerus (3). There: 
fore the wing is 
pulled up when the 
supracoracoideus 
contracts [A] and 
down when the pecto: 
ralis contracts [B) 


serofoil as in gli: 
ding flight. The main 
thrust is developed 
by the wing tip which 
moves much faster 
than the rest of 

the wing structure. 


Maitaea 


11 The bird's leg is 
basically similar to 
that of a human, but 
there is much fusion 
of the bones of the 
lower leg and ankl 


Femur (thigh) 
Patella (knee) 
Tibio-tansus 


metatarsals (toot) 
8 Fivedigits on toot 
9 Fourdigits on foot 
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How birds reproduce 


‘The laying of a clutch of bird's eggs is the 
result of mating, which in turn is the result of 
courtship. The courtship displays (1 of birds 
are as varied as the birds that employ them 
and are essential to successful procreation. 


Courtship displays 
Visually - to human eyes at least ~ some bird 
displays may seem to be almost non-existent, 
asin the robin (Erithacus rubecula), but this is 
a species with a highly developed song, Song- 
birds have evolved their characteristic songs 
for the establishment and maintenance of the 
Pair-bond, as well as for territorial advertise- 
ment and warning off intruders. In species of 
similar appearance living in the same area, 
such as the willow warbler (Phylloscopus 
trochilus) and the chiffchatf (P. collybita), the 
differences in song seem to be the principal 
means of both specific and individual 
recognition, to the birds as well as to humans. 
The most complex bird courtship displays 
are those of the bowerbirds and other mem- 
bers of the family Ptilonorhynchidae, wide- 
spread in Australasia. Not only are the males 
of many species very brightly coloured but 


= 


Flobin 
Erithacus 
rubecule 


Pygoscelis adetine 


2 Between Adélie 
Penguins, courtship 
includes the presen 
tation of nest 
stones by the male. 
This reinforces the 
attraction of the 
birds to a particu: 
Jar spot to which 
they return yearly, 


‘The birds occupy 
“rookeries” in the 
Antarctic spring 
(Sept/Oct) travelling 
more than 300km 
(200 miles) over sea, 
ice and snow to reach 
them. They usually 
hatch their two 

eggs after 35 days. 


Jockdaw 
Corvus 
‘monedule 


many also have outstanding powers of 
mimicry ~ probably the best in the animal 
kingdom - and build elaborate display 
grounds (bowers) in which they conduct their 
courtship. Some species build mounds, huts 
or avenues; the ground and their buildings 
may be decorated with fruits, flowers, shells 
‘or bones; some species even paint their 
bowers with a mixture of saliva and dried 
grass, charcoal or fruit pulp. 


Nests and eggs 
The nests of birds [4, 5, 7], where the eggs are 
laid, vary from mere scrapes in the ground as 
made by nesters like the waders, to large 
intricately woven and even communal struc- 
tures like those of the weaver birds 
(Ploceidae). Some birds, such as the auks 
(Alcidae), make no nest at all, and lay their 
eggs on the bare rock. A most extreme case is 
the emperor penguin (Aptenodytes forsteri), 
which incubates its egg on its feet, covered 
with a flap of feathered belly, through 64 
days and nights of darkness and bitter cold in 
the Antarctic winter. 

The bird's egg [6] is an adaptation for 


Adélio penguin 
Pyyoscelis adelise 


Shag 
Phalvcrocoras 
avistotels 


3 The tailor bird involves sawing two 


(Orthotomus sutorius) _\eaves together to 
isone ofthe species make a basket, inside 
that has fitted in which a nest is built 
with human develo The bird makes holes 
ment, occupying inthe leaf margins 


with its bill and 
“sews” the edges 
together with cot 
ton, grass or wool. 


gardens and verandss 
where there are suit 
able plants for 
nest-making. This 


embryonic development on dry land, It is a 
closed system: within the shell when it is laid, 
there is provision for the nourishment of the 
growing embryo, room for it to develop, 
mechanical protection and a means of 
dealing with waste material. Birds’ eggs are 
uricotelic; that is, the excretory product 
(waste) of the embryo is largely uric acid 
This is a highly insoluble substance and 
therefore does not dissolve in the embryo's 
body fluids. It remains inert in the egg and is 
left behind when the fully developed embryo 
hatches and is removed by the adult bird 
along with the discarded egg shell. 

The formation of an egg in the oviduct 
[Key] follows a carefully controlled sequence 
of events. Following the courtship, the act 
of mating can take place either on the ground 
or in the air. The male has no penis, so 
to transfer his sperm to the female he must 
press his genital opening, or cloaca, close to 
her cloaca. This "cloaca kiss” takes only a 
few seconds to complete. The male’s sperm 
then swims up the female's oviduct and ferti- 
lizes the egg. After fertilization, the egg 
Proper ~ ovum plus nutrient yolk ~ passes 


Rutt 
Philomachus 
pugnax 


Kingtish 
Alcedo atthis 


Anas ocute 


4 Cave swittiets 
(Cotfocalia fuciphaga) 
make their nests. 
the walls and roofs 
of caves, The nests 
are often in total 
darkness and the 
birds use a form of 
‘echo-location for 
navigation. The 


principal nest 
‘material is saliva, 
sometimes mixed 
with feathers or other 
materials, depending 
‘on the species, Pure 
saliva nests are 
highly prized for 

the production of 
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of paradise 
Poradisaea spods 


1 Courtship leads 
birds into a wide 
variety of displays, 
some of which are 
shown here. The 
‘most obvious is male 
adornment as with 
the plumage of the 
bird of paradise and 
the grouse. Bizarre 
movements often ac 
company pluma\ 
chang 
and penguins. Simple 
feeding gestures can 
also be significant, 

8 in robins and king: 
fishers. Hawfinches 
tend to be courtly 
in their approach 
{f stress builds up, 

‘cut off’, shown here 
by black-headed gulls 
who are head flagging, 
often reduces tension, 


5 The rufous oven- 
bird (Furnarius 

rufus), of Brazil and 
Argentina, lays its 
three to five eggs in 
‘aconspicuous domed 
nest of mud and straw. 
This givesita 

local name of ef 
hornero (the baker). 


down the oviduct. It is then covered by the 
protective jelly-like albumen or “white” of 
the egg, then by two shell membranes and 
the shell. The last is deposited in layers and is 
followed by a thin cuticle, The pigments that 
give the egg its specific appearance are de- 
posited mainly in the outer layers of the shell 
and in the cuticle. They consist of two basic 
colours: red-brown and blue-green. These 
two pigments give a remarkable range of egg 
patterns. 

Some of the most strikingly coloured eggs 
are those of birds that nest on the ground in 
the open, such as the waders, gulls, terns and 
nightjars. The eggs of tinamous are unusual 
in that they have the appearance of polished 
porcelain and a range of colours including 
chocolate, grey, purple and near-black. 


Shapes and sizes 

The shapes of birds" eggs vary considerably, 
from the well-known ovoid to the almost 
spherical eggs of some birds of prey and the 
pear-shaped ones of plovers and guillemots, 
There is also a great range of size in birds’ 
eggs from the largest, that of the ostrich, to 


6 Thechicken'segg 6A 
is surrounded by @ 

strong calcareous 

shell which has two a 
lining membranes. 
These enclose the al: 
bumen that surrounds 
the yolk, on top of 
which is the ovum [Al 
Afertilized egg de- 
velops quickly if 
incubated, the heart 
pumping blood after 
‘only three days. After 


hatch after 21 days 
[C}. Downy chicks |} 
‘such as chickens or 
in follow 


extend over the 
yolk, transporting 


as they are dry att 
hatching, and a 


called nidifugous. 
Nidicolous young are 
almost helpless [E]. 


8 The gaping refiex, 8 
one of the few res- 
ponses of nidicolous 
baby birds, is at 

first stimulated by 
vibration, Later it 

is directed towards 
the parent birds. 


‘9Red-billed dwart hombill 
Tockus camurus 


the smallest humming-bird’s egg. The egg of 
an ostrich (Struthio camelus) is, on average, 
15-20cm (6-8in) long and weighs about 
1.5kg (3.51b). That of the bee humming-bird 
(Mellisuga helenae) is only 1.4mm (0.4Sin) 
long and weighs about 0.5gm (0.1802). less 
than one 3,000th of the weight of an ostrich 
egg. The largest egg known was laid by the 
now extinct elephant bird (Aepyornis max- 
imus), from Madagascar. Its fossilized eggs 
are about 32.Sem (13in) long and must have 
weighed about 12.25kg (27Ib). 

‘The bird’s egg is such an efficient struc- 
ture for protecting the growing embryo inside 
that it is necessarily difficult to break out of 
The hatching bird therefore has to employ 
special combination of “equipment” and 
behaviour in order to get out of its shelly 
prison. By means of an egg-tooth at the tip of 
the upper bill and a series of vigorous upward 
‘nods of the head, the chick makes a series of 
ruptures ("pips") round the blunt end of the 
egg, turning anticlockwise on its axis as seen 
from that end, until enough of the shell has 
been cracked to enable the chick tobreak the 
rest with one blow. 


‘9 Hornbills are 10 
unusual because in 

some species the 

female wal 
up in her nest- 
with mud and dung, 
leaving only a 

crack through 
which she is 

fed by the mate. 


Koklass pheasant 
Pucrasia macrolopha 


10 Pheasants such 
as the kokiass 
illustrate the dif. 
ferences between the 
sexes in many birds. 
The moles generally 
sport bright attrac: 
tive colours while 
the ferns crypt- 
tically col 
plumage for defence 
while incubating. 


Key 
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made up of the loft 
ovary [1] and the ovi 
duct (2] only, the right 
side being reduced 
to leave room for the 
relatively large egg. 
Eggs and sperm from 


7 The lapwing nosts 
in open fields |A) 
while the little torn 
[B] and the ringed 
plover [C] nest on 
the sea-shore. Eggs 
‘and chicks 


11 “A cuckoo in the 
nest” is serious if 
the species is the 
common European 
cuckoo. This bird 
lays Its egg in the 


ovaries and testes 

[3] pass to the clo- 
aca [4] via the oviduct 
and vasa deferentia 
[5] respectively. The 
kidney ducts [6] also 
‘open into the cloaca. 


their surroundings 
almost to perfection 
‘and are said to be 
cryptically coloured, 
This camouflaging of 
the young is most 
offective when they 
crouch motionless. 

at the approach of a 
potential prodator 


Common European cuckoo 
Cuculus cenorus 


nests of a small host 
species. Tha nestling 
ejects its nest-fel- 
lows, thus receiving 
all its foster 

parents’ attention, 
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Birds and migration 


Birds owe much of their success as a group to 
their unusual powers of migration. The 
phenomenon of migration, for the scientist 
bewilderingly complex and for the animal 
extremely exhausting, is deep-rooted in 
many species and has undoubtedly exerted 
great influence on their evolution. The 
change in residence of migrants parallels 
changes in appearance, diet or even the 
behaviour of more sedentary bird species. 


The longest journeys 

True migration involves a regular, seasonal 
movement between one area, in which the 
animal breeds, and another, in which the 
climatic and other conditions are more suit- 
able when the breeding season is over. Thus 
some bird species, particularly wildfowl and 
waders, breed in the tundra and migrate to 
temperate regions for the winter. Others, 
particularly insectivores of the Northern 
Hemisphere such as the swallows and warb- 
lers, breed in temperate lands and move 
south to winter in the tropics. In the Southern 
Hemisphere, the migratory movements are 
largely in the other direction, although the 


1 The year-by-year 
migration of song: 


Whiterhroat 
Syivsa communis 
A once.cammon European 
‘warbler. the whitethroat 


breeding areas in Or “nettlecreeper” breeds 

Europe and Asiato In the thick cover of 

winter quarters in hadges, lane-sides. woods 
and gardens. Aithough i 


Africa provides 

birds of prey with 

an abundant seasonal 
food supply, Every 
year, 5,000 million 

‘or more birds fly 

the 2,000 miles south 


has a distinctive reaping 
Gall, the whitethroat 
iia shy, tating bird 


‘and southern 
Africa. Athird of 
these birds may die 
before their return 
inthe spring, suc: 
cumbing to the rig 
ours of climate and 
geography, dying of 
exhaustion, or being 
taken by birds of 
prey waiting or 
travelling along the 
migration routes. 
Thef 
hawks: 
predators in this 
food web, andthe 


typical prey species. 


Eleonora’s falcon 
Falco eleonorn 

This Mediterranean sp 
has developed the hab) 


unique among European birds, 
of breeding in the autumn— 
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greater land area in the Northern Hemi- 
sphere means that there are more species 
moving south than north. 

Bird migration varies hugely in its scope 
[Key]. The greatest travellers, particularly 
the sea birds, may fly almost from pole to 
pole and many land birds also make long 
trans-equatorial migrations. At the other 
extreme, some species may move only from 
an inland breeding area to the coast or from 
mountain breeding areas to winter quarters 
in the valleys. Sea bird colonies provide a 
Vivid example of local movement, with vast 
numbers of breeding birds moving from their 
coastal nest sites to a much wider dispersal 
area over the open sea 


‘The misfits: “partial migrants” 

Not all bird species show the consistent 
cohesive movements that characterize the 
true migrants. These “partial migrants" are 
species in which not all individuals behave 
uniformly; some may go on a post-breeding 
migration, others may not. In Britain, the 
song thrush (Turdus philomelos) and the 
lapwing (Vanellus vanellus) show this 


its young thus thrive on, 
the migratory prey, 

The sooty falcon (Falco 
concolor) plays the same 
tole around the Red Sea 


inconsistent behaviour, which may provide a 
clue to some of the selection pressures 
involved in the evolution of migration. These 
species may be at the edge of their “‘comfort- 
able” winter range, and some individuals will 
be poorly adapted to local conditions. These 
birds will tend to move out for the winter 
Migration does not, strictly speaking, 
include movements such as irruptions [3], or 
extensions of range, even though birds often 
travel greater distances in the process, Exten- 
sions of range are largely the result of a pre- 
ferred food source becoming available over a 
wider area. A most impressive extension of 
nge has been seen in the collared dove [6] 
and the fulmar petre! (Fulmarus glacialis) of 
the eastern Atlantic. In recent decades the 
fulmar has progressively colonized Britain 
from the northern islands, and in the last 100 
years has increased its population five-fold 


‘The origins und mechanics of migration 
The evolutionary origin of migration is 
extremely complex and as yet incomple' 
understood. The phenomenon is 
undoubtedly related to the necessity of 
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‘Micronisus gobar 
Birds migraung north in 
ing have to contend 

with the gabar goshawk and 
the lanner falcon (Fa/eo 
biarmicus). The goshawk 
breeds in the 

south of the Sahara, and 
the falcon in north Africa 
and southeast Europe 


1 Whitethroat breeding, 
Insect diet 

2 Fattening on berries betore 
migration 

3 Croasing to African 
wintering ground 
Insect dh 

4 Eleonora's and sooty 
falcons breeding 

5 Eleonora’s and sooty 
falcons to Madagascar 

6 Fattening on berries 

7 Retuen to Eurasia 

B Lanner falcon and gabar 
goshawk breeding 


finding appropriate food and weather for the 
raising of a brood. The migratory instinct has 
probably been developing over a period of 40 
to 50 million years and, though greatly influ- 
enced by the Pleistocene glaciations, did not 
originate with them. Migratory movements 
are governed by inherited factors but 
initiated and guided by environmental influ- 
ences. Individuals of a migratory species will 
thus show “migratory restlessness” at the 
onset of the migration period, even though 
there is usually no external indication that the 
season is changing. However, the weather 
may then delay or accelerate departure and 
to some extent modify the route taken. 
Despite occasional deviations, when birds get 
lost or blown off course, the direction of 
migration remains remarkably constant. 

The physiological mechanisms behind 
these great powers of navigation and orienta- 
tion are still a mystery. If the means by which 
migrating birds compute their bearings is 
unclear, it is well established that they use 
landmarks when convenient and sky-signs, 
almost certainly both the sun and the stars. 
Recent studies prove that Adélie penguins 


navigate by the sun. Nevertheless, the birds 
apparently follow a magnetic bearing rather 
than a bearing to a particular point on the 
earth’s surface, 

The habits of certain species show that 
they have an innate knowledge of the mig- 
ratory route. The young of these species 
depart in autumn before or after their 
parents. Individual adult birds displaced 
laterally by humans while on migration will 
resume their flight on release on exactly the 
same magnetic bearing, finishing up with the 
same lateral displacement from their destina- 
tion, On the other hand, some birds can navi- 
gate back home after an unusual displace- 
ment. One famous example of the innate 
migratory urge is that of a Manx shearwater 
(Puffinus puffinus) that was taken by plane to 
Boston, Massachusetts, from its burrow on 
Skokholm Island, South Wales, It was back 
on its nest 12.5 days after release in America 
— ten hours before the mail arrived giving 
details of its release. How the bird managed 
to find its way over this distance, with no 
landmarks to guide it, and in such a short time 
remains a mystery, 


lines [3,4]. Birds 
from high latitudes 
move towards the 
Equator (5, 6,7] dur- 
ing the winter. Some 


migrating, 
many birds travel 
along fairly well de- 
fined flightpaths or 
fly-ways, These often 


east-west movements 
take place [13]. On 
(ange land masses 


and 


Africa, fultesters 


follow winds or sea u any thous- and insectivores: 

currents|1,2],land andsofmiles{10,11__followseasonal 

contours or coast: V2). InEurasia food sources [8, 9} 
3 Irruptions are 
special migratory” 
movements which 


‘occur irregularly 


Ina few species 
8 response to unusual 
food conditions. The 
crossbills of E 
for example, may 
¢ leave their normal 
+ breeding areas in 
2 Shelduck ( Tadorne ? large numbers, mov- 
tadorna) undertake ing south and west to 
mass post-breeding exploit exceptional 
migrations from the crops of their mai 
northwest European food, conifer seeds. 
coasts to Heligotand ‘The parrot crossbill, 
tosit out flightless the heaviest-billed, 
moultting periods specializes intough 
They returnin pinecones, while the 
smaller parties, common crossbill has 
aA Give: bored erossbin 2h intermediate bill, 


and preters spruce. 
Thetwo-barred 
‘species, which has the 
lightest bill, is res- 
tricted to larch 

cones. These species 
donot usually set 

up new, long: 
viable populations. 


Loxia feveoptera 


‘DP Pp 


Common crossbill 
Loxia curviostia 


Common 
crowsbill 
Two-barree 
crowabil 


Parrot 
eroesbal 


farot crossbill 
la pytvopsittacus 


4 The European popu 5 Thepenguins moving westwards Sa 
lationsof the white navigate by sky-signs and may have bred in 
stork(Ciconiaciconia) —_justas flying birds true migration. The Iceland in 1973, This 
winter largely inthe do. Faced with a collared dove spread 
steppes and deserts: return journey to slowly trom Asia early 
of southern Africa. the breeding grounds this century and had 
Flying via land mass of up to 200 miles reached Hungary by 
they avoid long sea across snow and ice, 1928. Then its rate well as trees, rai 
crossings with poor Adélie penguins ofprogressincreased —_ ing upto five broods 
soaring conditions. (Pygoscelis adeliae) and its range was ayearand feeding on 
use the sunto aid extended by 1,200 grain wasted by man. 
their spot-on homing miles in 20 years. 
navigation. This Itreached Britain alan ticiog 
was conclusively in 1958, is still Streptopelia deceocto 
proven when birds 
were taken hundreds 
of miles fromhome 
and released on 
featureless terrain. 
With the sun obscured, 
the navigation of 


view of the sun they, 
were wall able to 
orientate themselves 
accurately. Inter- 
mittentcloud gave 
intermediate results, 
How the birds com- 


1 Sun obscured 


2 Intermitent loud ‘Adio penguin 
3 Clone sky Prooveelie ah pensate forthe daily Distribution in 1930 
movementofthesun | BZ aS. 
Dintnibuti 198 
a," Hietvlated Jbnk intibution in 1938 MB 945 1970 
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Bird life and variety 


Within the limits imposed by their special 
adaptations for flight, birds show a remark- 
able range of form and habit. The largest 
living bird is the ostrich (Struthio camelus), 
which stands up to 2.4m (8ft) tall and weighs 
up to 136kg (3001b), while the smallest is the 
bee humming-bird (Mellisuga helenae), less 
than 6.3cm (2.Sin) long and under 2.5gm 
(0.102) in weight. In fact, the world popula- 
tion of bee humming-birds — about 100,000 
would weigh approximately the same as a 
pair of large ostriches. 


Limitations of flight 
The size of birds imposes a limit on their 
ability to fly, for weight increases proportion- 
ally more than lifting area as size increases. A 
heavier bird therefore needs proportionally 
more power for its weight. The trumpeter 
swan (Cygnus cygnus buceinator) is probably 
the heaviest living flying species, with a 
weight of up to 17.2kg (38Ib). Its 3m (LOft) 
wing span is exceeded only by that of the 
wandering albatross. (Diomedea exulans), 
which may be 3.5m (11.5ft) or more. It would 
be interesting to know the flying abilities of 


1 Reproductive iso- ——_with an instinctive 


lation through preference on the 
different plumage part of the female 
and displays in 

closely related gives the “correct” 
‘species can be display. Thus half 
clearly seen in the adozen species of 
ducks of the genus ducks may be found 
Anas and the Amor 

can wood warblers of 

the genus Dendroica. 


In North America without any signifi- 
cant confusion 
occurring. The same 
‘applies to the warb 
lers. In both the 
‘Anas ducks and the 
Dendroica warblors 


and must be reproduc- 
tively isolated in 


'n- 
hanced by a striking 


‘order to avoid breeding plumage. 
producing unhealthy The females are very 
hybrids. This is similar in appear: 


achieved by a com, 
bination of colour, 
form, movement and 
vocalization which 

is distinctive for 

the male of each 
species, together 


‘ance, apparently 
even to the birds 
themselves, Anas 
and Dendroica males 
in the post-breeding 
Season are extremely 
difficult to identify. 
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the apparently larger, but extinct, giant 
condor Terasornis which lived in the Pleis- 
tocene period some two million years ago. 
The flying abilities of birds, coupled with 
their capacity for regulating a high body 
temperature, have made possible a range of 
ecological and behavioural variation seen in 
few other groups. The 8,600 species 
(approximately) of birds are distributed 
throughout almost every part of the world. 


Breeding and feeding 
Birds breed almost anywhere except in the 
sea. Nests may be on or in the ground, in 
holes in trees, cliffs or buildings, in low 
bushes or the tallest trees, even floating on 
still water. Some species nest in enormous 
colonies, others make no nest at all, laying 
their eggs on the ground or on cliff ledges. 
The “mound builder” birds (Megapodidac) 
use the heat from the fermentation of rotting 
vegetation, or hot sand, to incubate their 
eggs. And the emperor penguin (Aptenodytes 
forsteri) breeds in the depths of the Antarctic 
winter. The male bird, which incubates the 
egg, stands on ice at temperatures below 


~60°C (—76"F) for 64 days holding a single 
egg on its feet before the chick hatches, 

A remarkable variety may also be seen in 
feeding habits. Birds have adapted to all the 
principal food sources, from the smallest 
Planktonic organisms to the largest whale 
carcasses, Different’ avian predators 
specialize in feeding on a great range of prey 
organisms, from the smallest invertebrates to 
birds and mammals several times their own 
weight. Some birds store food and use the 
stores in winter; others feed on parasites that 
jive on mammal skins, the skin tissue itself 
and on blood. The Egyptian vulture (Neo- 
Phron percnopterus) casts stones at ostrich 
eggs to break them open, and one Galapagos 
finch (Camarhynchus pallidus) forces insects 
out of tree holes and crevices by means of a 
cactus spine or twig held in its bill. 

Some birds are parasites upon other avian 
species. The European cuckoo (Cuculus 
canorus) is a well-known example. This 
species, like the brown-headed cowbird 
(Molothrus ater) of North America and some 
other species, lays its egg in the nest of a 
“host” bird, leaving the host to rear the 


Wood warblers 
Dendroica spp 


1 Blackpoll warbler 8 
D. striata 

2 Magnolia warbler 9 
D. magnolia 

3 Townsend’s warbler 10 
D. townsend: 

4 Biackburnian warblor 14 
D. fusca 

5 Chestnut-sided warbler 12 
©. pensylvanica 

6 13 

7 
0. discolor 
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Dabbling ducks 
Anas sop 


Gadwali 
A. strepora 
Pintai 

A acute 
Cinnamon teal 
A. cyanoptera 
Mallard 

A. platythynchos 
Bive-winged teal 
A, discors 
Common teal 

A, erecca 


young. Other birds, such as the skuas (family 
Stercorariidae) are kleptoparasites, forcing 
neighbouring sea birds to disgorge their food 

The plumage of birds shows a wide range 
of form, pattern and colour, Some species are 
brighter than the most exotic flowers or 
jewels, others are as sombre as desert sand or 
the blackest night. Some of the brightest 
species the pheasants (family 
Phasianidae) and the birds of paradise 
(family Paradisacidae) 

An additional and unusual example of 
behavioural variety in birdsis that of the satin 
bowerbird (Prilonorhynchus violaceus). Like 
the other bowerbirds, all found in Australia 
and New Guinea, the male of this species 
builds a bower of twigs on the ground in 
which to display itself to the female. The 
bower is decorated with objects such as 
feathers and flowers similar in colour to those 
of the bird's rivals, and is orientated north- 
south so that the bird is not dazzled by the sun 
when displaying. Additionally, this species 
“paints” its bower with fruit pulp held in a 
spongy wad of fibre retained in the bill. The 
male bird may display for several months, 


are 
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Jackass penguin 
Spheniscus demersus 


4 Groat hombil Buceros bicornis 


6 Sword-billed humming-bitd 
Ensitera ensitera 


Key 


posturing with the display objects held in the A sea diff often 
bill until, with the seasonal appearance of | —~ provides s habitat 
- ~ of such variety that 


insect food for th 


wang, mating takes place. 


many different bird 
species may use it 

These eight species 
of five families have 
each found suitable, 
though spec 
ized, nesting sites. 


Learning by experience - 
Bird behaviour, although advanced, does not 
necessarily indicate “intelligence” on the 
part of the bird. But the variety of bird 
behaviour increases through “insight 


Puttin 
BF Fistorcute arctica 


- 
. scunehien (iia Teale Great black-backed gull 
learning". This may occur when tits (family a Cesta We 
Paridae) find there is cream in the tops of C4 
es, quickly leat ‘ough their Cormorant 

milk bottles, quickly learning through thei Semone so 

‘own experience or by watching other birds Canal 

that they have only to peck through the bottle tb tHo10 vassanus f d 

top to reap the benefit. A similar process may ‘Sse ‘é \ 

also occur when tits and crows (family Cor- Y eet 

vidae) learn to pull in a length of string in : = 

order to obtain food attached to the end. é ome 

That this kind of behaviour may involve 

insight is suggested by the results of experi- 

mental work with crows, parrots (family Psit- Euloae 

tacidae) and finches (family Fringillidae), Mt aes 

showing that they can learn to “see into” a vA shag 

situation and modify their behaviour accord: Phalacrocorax anstotolis 

ingly. Such abilities may increase enormously ar 

the variety of bird form and activity 
2 Penguins are the 3 Puttin 3 The puffin is a 
most aquatic of all Fratercula arctica marine bird that 
birds, the 18 living finds its prey ~ 


species showing a 
mastery of their 
element that enables 
them to prey on fast. 
swimming fish with 
great success. The 
jackass is typical in 
its streamlined form, 
flipper-like wings 
and steering-paddle 
feet placed far back 
The feathers have 
been modified to 
form a close-fitting 
scale-like wet suit, 
and the specific 
markings are 


primarily fish — en. 
tirely under water. 
Its aquatic adap: 
tations are less ox- 
treme than those of 
the penguins, itis 
not so streamlined, 
the feet are not so 
far back (hence it 
does not have to 
stand bolt upright) 
and the wings are 
still used for flight. 
But it can catch 
smaller or slower 
moving fish for 
itself or for its 


largely on the head, unfledged chick. 
4 The 46 species of 8 Toco toucan 
harribilte a focsd Ramphastos toco 


in tropical Africa 
and Asia. The enor- 
mously developed bill 
seen in the great 
hornbill is used for 
display and nesting 
purposes rather 

than for feeding 


5 Toucans are the 
New World counter: 
parts of the horn 
bills, some 35 
species being found 
inthe forests of 
tropical America, 
But they have 

even bigger 

and brighter bills. 


7 Double-collared su 
Nectarinia mediocris 


Now Holland honeyoater 
Phylidonyris novaehollandiae 


6 The humming-birds 7 Thesunbirds, num- 8 The 167 species of 
of the Americas, num: bering about 100 honeyeaters are the 
bering more than 300 species, fill the main insect- and 
species, live largely nectarfeeding niche —_nectar-feeding birds 
on nectar. Some use in Asia and Africa in Australasia. Long 
tubular tongues to The double-collared —_ isolation without 


suck nectar from 
flowers and may add 
to their diet insects, 
trapped in or near 
blooms. Others have 
brush-like tongues 


sunbird lives 
high in the Kenya 
mountains and con: 
Serves heat by lower 
ing its body term: 
perature at night 


much competition has 
resulted ina 
adaptive range of 
form, of which the 
New Holland honey 
eater is typical 
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How birds behave 


Studies of bird behaviour were hampered 
until recently by the idea that birds had little 
learning ability and were mainly creatures of 
instinct. This misconception was based 
largely on birds’ lack of brain structures 
Similar to those of the cerebral cortices of 
mammals (the structures responsible for 
complex behaviour and consciousness) 
Recent tests indicate, however, that birds 
have learning capacities in some areas that 
are exceeded only by the highest mammals 
[8. 9, 10] as well as unmatched navigational 
skills which are demonstrated in their mig- 
ratory activities, Bird behaviour is a complex 
mixture of the learned and the instinctive, the 
flexible and the rigidly pre-programmed. 


Instinctive behaviour 

Instinet can be seen at its most blind in the 
habits of birds in the incubation of their eggs, 
Herring gulls, for example, will sit on any 
large egg at the expense of their own. Much 
instinctive behaviour [3] takes the form of 
intricate sequences known as fixed action 
Patterns, These are inherited and tend to be 
stereotyped; they can be seen in such 


activities as fly-catching by insect-eating 
birds, or in nest-building, They are also a 
conspicuous feature of courtship. It is pos- 
sible to cross closely related but different 
species to produce hybrids whose courtship 
and nesting behaviour has elements of the 
Patterns of each parent, as in lovebirds [5] 
This rigidity of behaviour is thought to be an 
essential element in the natural process of 
keeping species distinct from each other by 
Preventing mating between them 

Signs and rituals are also involved in 
territorial behaviour [2]. Most birds have 
well-defined territories within which they are 
noisier and livelier; and they generally seem 
to behave as if they are more at home in these 
territories than they are outside them. Such 
birds defend their territories from intruders 
of the same species —or strictly speaking from 
any animal or inanimate object of roughly the 
right size that has a similar appearance. In the 
robin the red breast is the sign stimulus for 
defensive behaviour [1]. Such behaviour 
however, rarely involves a fight; instead the 
defending bird engages in a stereotyped 
threat display ~a sign that the intruder should 


3 Instinctive fright 
reaction to predators 
flying overhead is 
shown by chicks. The 
same cardboard 
model of a bird that 
induces fear of short- 
necked, long-talled 
predators [A] 
ignored if the di- 
rection of movement 
Is reversed so that 

it looks like a long- 
necked, short-tailed 
and therefore harm. 
less species |B] 


4 Goslings became 
“imprinted” to the 
German ethologist, 
Konrad Lorenz, who 
studied the behav: 
iour of tame geese. 


——_— 


Fetreat. The intensity of display depends on 
the distance of the encounter from the 
territorial centre. Cautious sparring" occurs 
at the edge of a bird's territory but fighting 
may be involved at the centre 


Displacement and imprinting 
A bird sometimes finds itself in a situation 
that elicits two conflicting behaviour pat- 
terns. At the boundaries between their ter 
ritories, for example, males may be torn bet 
ween fight and flight. And in the mating 
season many birds have to overcome their 
natural aversion to physical contact, Once 
the level of sex hormones reaches its peak the 
sex drive swamps the aversion, but there is a 
stage at which the two tendencies more or 
less balance one another. In such situations 
the bird resorts to actions known as displac 
ment activities. These activities have nothing 
to do with the animal's innate drives: the 
male bird, for example, may preen its 
feathers or peck at something [7] instead of 
approaching a female 

In most of these behaviour patterns there 
isan innate recognition of a specific inducing 


when the intruding 
bird is above it 

but posture [C) if 

the intruder is 

below it Ifthe 
threat display foils 
as a deterrent the 
defending robin may 
actually launch 

an attack [D] 


1 The threst posture 
of a robin defend. 
ing its territory is 
designed to display 
the red breast [A) 
and varies according 
to the position of 
intruders [I]. A 
defending robin ad: 
opts posture [B] 
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2 Rigid demarcation 
of territory can 

be observed even, 
when birds gather 
in large social 
groups. An example 
is the uniform 
spacing between 
nests in a colony of 
gannets (Morus sp) 


stimulus, But much bird behaviour is mod- 
ified by experience and some is entirely 
learned. An example of pre-programmed 
behaviour with a single learned component is 
the phenomenon known as imprinting [4] 
Newly hatched ducks, gostings and chicks will 
imprint on and follow the first moving thing 
they see. This is usually their mother but 
behaviour experiments have shown that baby 
birds will adopt a wide range of objects. 

In imprinting the behaviour is pre- 
Programmed but there is no innate recogni- 
tion of the parents. This knowledge is quickly 
learned and the young bird tends to adopt as 
its parent the first large moving object it sees. 
Not only will the young bird follow this object 
as a parent; later it will direct sexual advances 


towards it, as demonstrated by the famous 
experiments of Konrad Lorenz (1903- 
This kind of following is simple, 


automatic and innate, but more complex 
behaviour, such as the production of the 
bird’s characteristic song, sometimes 
involves a subtle combination of innate and 
learned influences {6]. Some young song 
birds, if reared in isolation, produce a song 
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5 Various methods 

of carrying material 
and nest-building are 
shown by Madagascar 
[A], peach-faced [B] 


6A x 


ye N 


and Fischer's love. 
birds [C]. Hybrids (0) 
show conflicting pat 
terns and are in 

capable of breeding. 


6 The development 
of bird song is the 
result of a combi: 
nation of Innate and 
environmental in 
fluences. A bird will 
usually produce some 
kind of song however 
itis reared, but if a 
song-bird is deaf 
ened at birth and 
cannot hear adult 


male songs (A|, it 
will produce a 
totally abnormal 
sound pattern in 
its own song [8] 
Asong-bird learns 
to sing during 

the first four 
months of life and 
after that the song 
pattern cannot 

be changed. 


that has roughly the right length and number 
of notes for its species but the wrong tune. Ifa 
group of chaffinches, for example, is reared 
together without adults, each develops its 
own version of the species song, identical 
within the group but quite distinct from the 
usual song of the wild male 


Navigational expertise 

One of the most striking examples of learning 
in birds is still shrouded in mystery, namely 
the ability of many birds to home accurately 
(as opposed to the migration of young birds, 
which has no learned component). Recently 
experiments have begun to reveal the com- 
plex combination of signals a pigeon uses to 
orientate itself. One of these is certainly the 
sun, But because pigeons can orientate them- 
selves even under overcast skies, it seemed 
that there must be some other kind of “map” 

It was found that pigeons bearing magnets 
could manage to navigate in sunny conditions 
but became disorientated under heavily 


overcast skies. However, there are still many 
questions about the pigeon’s 
system that remain unanswered. 


navigation 


7 Displacement be- 
haviour occurs when 
conflicting instincts 
are aroused. Rival 
male blackbirds [Al, 
torn between fight 
and flight, may 
sattle for pecking 

at leaves, whereas 
herring gulls (B] may 
react to a threat by 
pulling at grass. A 


threatened oyster. 
catcher [C] may re- 
solve the same con: 
flict by taking 
refuge in "sleep". Sex 
shy avocets (D} chan: 
nel their drives 

Into preening (for 
the male) or bill 
dipping (for the fe. 
male) before pro: 
gressing to coition 


Key 
Herring gulls will 

sit patiently on abnor 
mally large models of 
thelr own eggs, ignor- 
ing their real eggs. 
The normal stimulus 


for incubating be- 
haviour is the real 
egg and the outsize 
egg acts as a greater 
stimulus than normal 
and thus will distract 


the gull from incub- 

ating the real eggs, The 

rigidity of instine 

tive behaviour com: 

pels the birds to be 
tricked” in this wat 


BBluw tit 


Fars ¢ 


9 Ability to adapt 
toa novel situation 
is demonstrated by 
jays and other birds 
that can be taught 
to abtain food 


attached to a string 
by pulling up the 
string and anchoring 
itwith a foo 


8 Tits have learned 
to peck through milk 
bottle tops to drink 
the cream. They not 
only learn where to 
find bottles but can 
also distinguish 

the colours of tops: 
and select bottles 
richest in cream, 


10 Ravens and other 
birds have been found 
capable of counting 
up to seven, Pre: 
sented with a series 
of marks, they can 
associate these 

with the same num 
ber of marks on a box 


Island birds 


When islands first emerge from the sea, only 
nesting sea birds and turtles can find a use for 
such barren hulks of rock and coral. Land- 
based birds arriving at this stage must either 
depart or perish; only after vegetation is well 
established can these species have any chance 
of surviving Purely insect-eating species 
must wait even longer before the island can 
provide a life-supporting food supply. Those 
few birds that do settle tend, in contrast to 
mainland species, to become more versatile 
and adaptable than their mainland counter- 
parts, and exploit the relatively few feeding 
niches that are available to them 

Over a quarter of all island species have 
become extinct through over-specialization 
and the fortunes of the remainder turn on the 
delicate ecological balance of their habitats; 
the smaller the island the finer the thread on 
which survival depends. On the smallest 
islands extinction may follow natural fluctua- 
tions in population and the arrival of man, 
with his introduction of rival bird species and 
predators, does nothing to improve their sur 
vival. Hunting is also a major factor in the 
decline or extinction of many island birds. 


4 The Bornean bristle- f 
head isso rare 
that little is known 
aboutit. It lives in 
lowland forests, 
feeding on insects. 


Pityriasis gymnocephale 


7 The Papuan hawk 
owlis a rare noctur 
nal resident of the 
forests of New Gui 
nea. Nothingis 
known cf its breeding 
behaviour. feeds 
on insects and rodents. 


7 Papuan hawk owl 
Uroglaux dimorpha 
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1 The paim chat lives. 
gnly on Hispaniola 
inthe Caribbean, 
feeding on fruitand 
berries. It builds 

huge communal nests. 


2 Therareblue 


of a unique family 


Blue vanga 
Y  Lemtopterur 
madogascarinus 


3 The scaly ground 
rolleris a shy 
resident of the 
dense east const 
rain forest of Mada. 
gascar. Itspends 
much of its time at 
ground level in 
sparse undergrowth, 
foeding on insects. 


Palm chat 
ulus dominicus 


5 The world popu- 
lation of the Narcon 
dam hornbill is 

confinedto one 

islandin the Bay of 
Bengal. Its numbers, 
400, are controlled 
by lack of nest sites, 


Narcondam hombill 
Rhyticeros narcondemi 


BVictona crowned pigeon 
Goure victoria 


vanga is one member 


found in Madagascar. 
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Sealy ground roller Z 
Brachypteracias squemigers 


Cuckoo roller 
Loptosomus 
discolor 


6 The cuckoo roller 
lives high inthe 
forests of Mada- 
gascar feeding on 
insects and reptiles, 
ts food includes 
chameleons, cater 
pillars and insects. 


8 The large (turkey- 
sized) Victoria crow- 
ned pigeon was hunted 
for the magnificent 
plumeson its head, 
Unlike other New 
Guinea pigeons it 

flew into the open 
when disturbed, 30 

was easy to shoot 


‘9Black-mantied goshaws 


9 The black-mantled 
goshawk is one of 
Bight species found 
inNew Guinea. It 
ambushes smaller 
birds at water holes, 
- flying in to seize 
its prey on the wing, 


10 The buff and 10 Emerald dove 11 TheLuzon bleeding! Luzon biuding heart 2 


Phessent pigeon 12 Ashy, erow-sized 
prmncobursatthe halcophaps indica heartisa sedentary Galcolumta ~ Oridivhaps nobilis bid, the pheasant 
‘emerald dove bird, one of five higeniee pigeon is capable of 
match the back- species confined tothe ~ > only short bursts 
Groundof he ever Philippine Islands, SS ’ of fight. Itinhabits 
green and deci 


dense hill forests 
of New Guinea 
and adjacent islands, 


duous forests in 
south Asia, where itis 
widespread in shady 

wooded ravines. 


distnibation 
Luzon 
bleeding heort 
Celoense leoberica Pheasant pigeon 
Nicobar pigeon 
13 The Nicobar ° 
pigeon is a rutt 


Emerald dove 
necked species that 


inhabits densely 
forested islands from 
Malaysiatothe 
Solomon Islands. tt 
lives mainty on hard 
seeds, but also on 
fruits and insects, 


14 Aquiet, subdued 15 Themagnificent 1611, 
bird, the Princess riflebird is an agile Prosthemaders 
Stephania bird of climber in its search wontiog 


18 Thefernbird has 
been forced tore: 
treat as New Zealand 


paradise is much for insects. Itis marshlands have 
SoughtafterbyNew — sombre-looking until been reclaimed, 
Guineatribesmenfor —_ seeninthe rays of 


its tail plumes. the New Guinea sun, Fembird 
Bowdieria 
punctate 


Kokake 
Callaeas cineren 


16 Thetui of New 17 The kokako of New 
Zealand mimics Zealand is considered 
other birds, tohave afine song, 


Mogaiticontriftebird 
Pulons 


20 Rifleman 
Acanihisitts rs 


ehloris 


21 The forest dwell- 
ing New Zealand pig- 
eon was saved {rom 
extinction by pro: 
toctive measures, 


19 ANow Zealand 
mountain parrot, the 
kea, feeds mainly on 
carrion. It was the 
Victim of an extermin: / 
ation campaign when 
falsely branded as, 
asheep-killer 


New Zealand pigeon 


20 Therifleman is 
the commonest of the 


22 Thetakahe, a Kea three living species 24 Theiiwiisa 
giant rail, was nes of a unique New Zea: Jong-billed, nectar- 


thought extinct until 
rediscovered in 
1948 in New Zealand. 


land bird family, feeding honey, 


creeper fairly 
common in Hawaii 


24 


Brown 
Apteryx australis 


23 The brown kiwi is 
the commonest of the 
three New Zealand 
kiwi species, It 

seems less vulnerable 
topredators than 

the others. Itlives: 

in forest areas 

where it feeds on 
worms and insects 


Tohahe Vostiavia coccines 


we 


ERA 


The classification of mammals 


The mammals, the animal group of which 
man is a member the most highly 
organized and among the most successful of 
all the creatures on earth. From humble ori 


are 


gins as contemporaries of the dinosaurs they 
have evolved to become the dominant animal 
form of our planet, despite the fact that com 
pared with other groups their numbers are 
relatively few. The mammals total some 
4,500 species, but there more than 
1,000,000 insect species, more than 20,000 
fish species and about 8,600 bird species. 


are 


Common characteristics 

All mammals share several common 
characteristics. They are all warmblooded 
are usually hairy, have relatively large br 
and suckle their young 
although mammals, lay 
mammals 


Monotremes, 
ges, but all other 
ve birth to live young, Female 
except monotremes, have a 
placenta by which the young are nc 
before birth. 

Zoologists classify mammals on the basis 
of their ar 


mammals, 


rished 


omy and their behaviour and as a 
it they recognize 19 groups or orders of 


1 Long nosed spiny anteater 4 The long-nosed 


Spiny anteater of New 
Guinea is a mono: 
treme of the family 
Tachyglossidae. It 
can grow from 45 to 
77.5cm (1.5 to 2.5ft) 
long. The order con: 
tains one other family 
(Ornithorhynchidae), 


3 European m: 


5 The largest bat in 
the New World, with 
a wing span of upto 
Stem (36in) is the 
Linnaeus false vam: 
pire bat. It is a mem 
ber of one of the larg 
est mammal orders, 
the Chiroptera, and is 
further classified in 
the family Phyllostom. 
idae. The bat’s name 
indicates its feeding 
habits for it does not 
suck blood like a 

true vampire but 
feeds on rodents, 
birds, insects and fruit 
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mammals. Each order contains mammals 
alike in essential features — all the primates, 
for example, have brains with extremely large 
and dominant cerebral hemispheres, The 
animals in each order are further classified 
into families and each family consists of crea 
tures that share closer relationships to each 
other than to those of other families, Thus all 
the great the family Pongidae 
resemble each other more closely than they 
do the Old World monkeys of the family Cer 
copithecidae. The number of families in each 
mammal order varies widely, An indication 
of the relative size of each order is given on 
these pages by the relative sizes of the 
illustrations of representatives of each order. 

The classification of mammals 
reflects their age in evolutionary terms, the 
monotremes being the most ancient. The 
most advanced mammal order, by this reck- 
oning, is the Pinnipedia because its mem. 
bers appeared most recently; the primates 
are well down the list 

During the early part of the Eocene 
period, about 60 million years ago, the mam: 
mals found a vast range of habitats available 


apes in 


also 


2 


3 The common Euro- 
pean mole belongs to 
the family Talpidas, a 
group of Insectivora 
which all spend most 
of their lives under 
ground. The mole 
uses its wide, clawed 
forefoot to dig tunnels 
which may be as deep 


48.8 metre (39in). Its 
minute ayes are sen- 
tive only to light 

and dark but it 
preys ona variety of 
animals including 
insects, worms, mice, 
snakes and small 
birds. It grows up. 
to 18cm (7in) long. 


to them due to the extinction of the dinosaurs 
and evolved along many and varied lines 
Several of these carly mammal groups them. 
selves became extinct 


fter a few million 
years and changing conditions left even 
highly successful orders with only the few 


representatives that exist today. Thus the 
elephant, hyrax and aardvark represent 
orders (Proboscidea, Hyracoidea and 


Tubulidentata, respectively) that have only 
‘one modern family remaining. 


The orders of mammals 

The two most primitive mammal orders, the 
Monotremata [1] and the Marsupialia [2], are 
very different from the remainder. The 
monotremes lay eggs, whereas marsupials 
such as the kangaroos possess pouches to 
house and protect immature young. 

The Insectivora [3] are the least specialized 
of all the higher mammals. The insectivores 
resemble 
which all 


most closely the ancestors from 
mammals are derived, They have 
simple teeth and body plans and relatively 
small bodies and brains. 

The bats, grouped together in the order 


2 Rocky areas and 
wooded plains of 
northern Australia 
are the home of the 
northern native “cat” 
This marsupial is one 
of the 45 species in 
the family Dasyuridae 
whose members are 
found in Australia, 


Philippine colugo 
Cynocephalus volans 


6 Sucredlangur 


individuals dominated 
by an adult male 
These monkeys are 
known as leaf-mon: 
keys and they have @ 
vegetable diet which 
includes fruits and 
flowers as welll as 
foliage. They are ar 
boreal animals, and 
grow to about 1m 
(39in) long, with tail 


6 The sacred langur, 
found in forests of 
South-East Asia, is 
an Old World monkey, 
a primate, and 
belongs to the family 
Cercopithecidae. 

Like other primates 
the sacred langur isa 
social creature and 
lives in a group 
comprising up to 40 


CONNECTIONS 


See also 
Theanimal 
kir 

Theliteat 
Monotrems and 


marsupials 
Rodents, insect 
eaters and bats 
Hooted mammais 


Whales, porpoises 
Mammaisof the 


Tasmania, New 
Guinea, the Aru Is 
lands and Normanby 
Island, Itis a noc 
turnal creature that 
feeds on small verte. 
brates, insects and 
molluscs. It grow 
up to 38cm (14in) long, 
excluding the tail 


4 The colugo, the 
gliding lemur of the 
Philippines, is one 
of the anly two 
species in the order 
Dermoptera and the 
family Cynocepha: 
lidae, This nocturnal 
vegetarian is about 
40cm (16in} long. 


7 Hotfman's sloth is 
an edentate and a 
relative of the ant 
eaters, Itis placed 
in the family Brady- 
Podidae, along with 
other sloths, on the 
basis of its sluggish 
habits and its skele- 
tal structure. And 
like other members 
of the genus 
Choloepus it has two 
clawed toes on its 
foreteet, All sloths 
spend the greater 
part of their lives, 
upside down, 
Hoffman's sloth 
grows to 65cm 

(2h), Ithas no tail 


Chiroptera [5], are closely related to the 
insectivores but their bodies are entirely 
modified for flying, They are the only true 
flying mammals. The “flying” lemur only 
alides from tree to tree and is separately clas- 
sified in the order Dermoptera [4] 

Primates [6], the mammal order to which 
man belongs, are all very similar in appear- 
ance and show various degrees of adaptation 
tolife in trees. Only man among the primates 
is exclusively ground dwelling and he is the 
most “intelligent” of all mammals. The two 
orders Edentata [7], the anteaters, sloths and 
armadillos, and Pholidota [8], the pangolins, 
contain species that are toothless and highly 
modified for living on a dict of ants and ter 
mites. Only the sloths among the edentates 
possess very simple teeth and feed on leaves. 

The Lagomorpha [9], the rabbits and 
hares, and the Rodentia [10] ~ although they 
both have teeth and intestines specifically 
adapted to a vegetarian diet - are not closely 
related to cach other. And while there are 
only two families of lagomorphs, the rodent 
families number about 33 and are the most 
numerous and widespread of all mammals. 


8 8 The giant pangolin 
is a member of one 
of the smallest 
mammal orders, the 
Pholidota, which con 
sists of just one 
Jamily, the Manidae, 

and one genus, Manis 

Lengths range from 
65 to 176cm (2-5.5ft) 
Giant pangolin 
Maris giganten 


14 Indian elephant 
Elephas maximus 
14 Only one family 
of elephants, the 
Elephantidae, exists 
today ~ once there 
were six. The Indian 
elephant is one of 
the two surviving 
genera of the order 
Proboscides. it grows 
to 6.4m (20h) long, 


17 Aardvark 


17 The termite- 
eating aardvark is 
the sole survivor of 
the mammal order 
Tubulidentata and the 
family Orycteropod 
idae. Its name comes 
from the Afrikaans 
word meaning “earth 
pig” and this refers 
both to its habit of 
digging deep burrows 


and to its appearance: 
It may measure 

up to 1.5m (St) in 
length and weigh up 
to 70kg (154Ib). 

Apart from the head 
ragion itis covered 

in bristle-like hair. 
Aardvarks are found 
where ant and termite 
food abounds, 

south of the Sahara. 


Mammals that are adapted for cating flesh 
are all grouped together in the order Car- 
nivora [12], a name that reflects their diet. 


Three mammal orders have returned to the 
water, the environment which their amphi- 
bian ancestors left many millions of years 
before. The Cetacea [11], the whales and dol- 
phins, are wholly adapted to this life-style 
and never return to land, but the seals, order 
Pinnipedia [13], must breed on shore. 

The other aquatic group, the sea cows or 
Sirenia [16], are a small group closely related 
to two other small but land-dwelling orders, 
the elephants or Proboscidea [14] and the 
hyraxes, the Hyracoidea [15]. The sole sur- 
viving member of a group that was once more 
widespread and numerous is the aardvark, 
whose order is the Tubulidentata [17] 

The two remaining mammal orders both 
consist of hoofed beasts or ungulates, The 
Perissodactyla [18] have an odd number of 
hoofed toes whereas the Artiodactyla [19], 
which includes the cloven-hoofed animals, 
have an even number 


9 Cottontail 
vivilogussp 


9 The cotton-tail is 
a New World ago: 
morph of the family 
Leporidae, all of 
which have typically 
short, furry tails and 
long ears. Cotton-tail, 
species range in 
length from 27.5 to 
50cm (11 to 20in). 


12 Ocelot 
Felis pardelie 


11 The porpoise is 
grouped with the 
whales and dolphins 
in the order Catacea 
Both porpoises and ivora). It measures 
dolphins are inthe from 80 to 147em, 
family Delphinidae, (31-58in) long and is 
Porpoisescan grow grouped with all 
from 1.2to 1.6m (4~ other cats in the 

5ft) in length. family Felidae. 


12 The ocelot of the 


Americas is a member 
of the flesh-eating 
mammal order (Carn. 


15 


Rock hyrax 


Procavia capensis © 


18 The woolly tapir 
belongs to the 
Tapiridae, one of 
three families in 
the Perissodactyla 
the order of hooted, 
odd-toed animals. 
This tapir is an 
Andean species and 
grazes on grass and 


other low-growing 
vegetation. Like 
other tapirs itis 

a docile creature 

and @ good runner, 
swimmer and diver. 
Ithas similar 
dimensions toa 
donkey, measuring 
up to 2.5m (7.5ft) long, 


18 


Woolly tape 
Tapirus routink 


key 
The mammals, which 
all developed from a 
shrew-like ancestor, 


underwent a period 
of rapid development 


of species in the 
Eocene, Although 
many groups have 
become extinct, all 
the 19 modern mam: 


mal orders originate 
from that period. 

The numbers refer to 
the illustration 
numbers below, 


10 Bandicoot rst 
Bandicote indica 


fm 


10 The largest order 
of mammals, to which 
this bandicoot rat 
belongs, is the 


Rodentia. its family, 
the Muridae, includes 
all the other Old 
World rats and mice. 


The bandicoot rat is 
found in India and 
the Far East and is 

up to 62cm (24in) long, 


13 Grey seat 
Malichoerus grypus 


13 Turbulent waters 
round North Atlantic 
rocks are the prefer 
red habitat of the 
grey seal of the 

order Pinnipedia and 
the family Phocidae, 
Males grow to 3m 
(Sft) long and females 
to 2.25m (7.5ft) long, 


15 The rock hyrax is 
one of nine species 
extant in the order 
Hyracoidea and the 
family Procaviidae 
This African animal 
grows to about 38cm 
(15in) long and 

lives in colonies 

of over a hundred. 


16 Sea cows of the 
order Sirenia inhabit 
coastal waters and 
estuaries, They can 
grow from 2.5 to 4m 
(8-13¢t) in length, 
Each family, Dugongi 
dae (dugongs) and Tr 
chechidae (manatees), 
has but one genus, 


Hippopotamus Hippopotamus amphibius 


Dugong 
Dugong dugon 


19 Hoofed mammals 
with an even number 
of toes are grouped 
together in the 

order Artiodactyla. 
The hippopotamus: 
has a family of its own, 
the Hippopotamidae. 
It is @ water-loving 
mammal that was 
‘once common in deep 
water habitats all 
over Africa but is 
now, due to man’s 
ravages, severely 
festricted in range. 
The heavyweight 
hippopotamus tips 
the scales at between 
3and 4.5 tonnes. 

The largest animals 
grow to about 4.6m, 
(15ft) in tength, 
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Se re 


The life of mammals 


The first mammals emerged at some time in 
the Triassic period, about 200 million years 
‘igo, and they were probably similar to living 
shrews and opossums. The story of mammal 
evolution is one of growing independence 
from the immediate pressures and con- 
straints of the environment. They have 
become able to regulate their body tempera- 
‘ture automatically and to maintain it at acon- 
stant level in heat or cold, usually above that 
of their surroundings. The infant mammal is 
Protected with warmth and a guaranteed 
food supply during the earliest and most 
vulnerable part of its life And the mamma: 

lian brain has developed to the point where 
the animal is capable of controlling its 
environment instead of being subject to it 


How temperature is controlled 

Temperature control in mammals is effected 
largely by means of skin glands and by blood 
vessels located just below the skin. A part of 
the brain, called the hypothalamus, incorpo- 
rates a mechanism for detecting changes in 
blood temperature. If the temperature is too 
high, activity in the hypothalamus causes the 


1 The diversity of 1 
‘mammais is shown in 
their modes of loco: 
motion, which range 
from the swimming of 
seals |B] to the flying 
of bats {E]. They 

have important fea 
tures in common. All 
mammalian young (ex- 
cept for monotremes) 
spend the first part of 
their lives inside the 
mother, who supplies 
their food and oxygen, 
for example, the 
reindeer [D]. Young 

are suckled like those 
of wild boars [F]. A 
special centre in 

the brain regulates, 
temperature, and 
usually a fur coat like 
that of lemmings [CI 
helps. The brain is 
highly developed 

in mammals enabling 
some, like chimpan. 
2ees [A], to use tools. 


3 The spiny anteater 
(Tachyglossus acule- 
atus) displays its 
primitive cloaca and 
mammary glands, 

It lacks separate 
urinogenital and 

gut openings and has 
No proper nipples, 


6 The long-nosed 
bandicoot (Perameles 
nasuta) has 8 pouch 
that faces backwards. 
This reversal stems 
from the animal's 
vigorous burrowing 
habits which would 
otherwise fill the 
pouch with earth and 
harm the young. 
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blood vessels of the skin to dilate so-that 
blood heat can be more readily lost and, to 
encourage this, the sweat glands secrete 
liquid on to the skin so that it is cooled by 
evaporation. When the temperature is too 
low, the skin blood vessels, conversely, are 
constricted, the sweat glands dry up, and 
another reflex comes into play to erect the fur 
(or in the case of man the meagre remnants of 
it), In a respectably furry animal, the fluffed 
up hairs make an effective insulating layer 
When the skin temperature is uncomfortably 
low, reflex shivering is induced so that heat is 
generated by the work of the muscles. Many 
mammals, especially marine species, have 
layers of insulating fat beneath their skins. 

Within the warm cocoon of its mother’s 
body, the unborn mammal is insulated from 
the environment for anything from the first 
few days to the first year or so of its life and 
most are provided with nourishment by a 
specially developed organ, the placenta 
Nutritional care of the young continues after 
birth, with suckling 

Mammals have many features in 
common, but one of the most outstanding 


4 The young of the $ 
spiny anteater \ap 
milk from a primitive 
mammary gland that 
turns inwards in: 
stead of protruding 
They lick the milk 
off the mother's fur, 


Mammary 
gland 


5 The marsupial 
mouse (Dasyuroides 
byrei) has no pouch, 
Asa result, the 
helptess young are 
obliged to cling to 
their mother's fur, 


characteristics of the group is their extreme 
diversity [1], particularly in body form. A 
vast array of animal types has radiated from 
the small insectivore-like ancestors and these 
vary enormously in habit and life-style 


Diversity of mammals 
There are herbivores with hoofs, carnivores 
(flesh-eaters) with claws, omnivores of all 
kinds; animals that burrow, nest or build 
dams; animals with and without teeth, tails or 
toes, By strange adaptations of body form, 
the mammal has gained the mastery of land, 
sea and air. Kangaroos, by the enormous 
development of the hindlimbs, bound over 
the huge areas of the Australian outback 
The fleetest sprinters come from the ungu- 
lates, deer and antelopes, and from the carni- 
vores ~ especially the big cats. Squirrels and 
primates move along tree branches with ease 
and grace; the sloth is so completely adapted 
0 an arboreal existence that it is virtually 
unable to walk on the ground. 

Otters, coypus, beavers and many other 
carnivores and rodents are proficient swim- 
mers and lead a semi-aquatic life: but some 


2A 


Temporary 
bint 
canal 


7 Kangaroos and wal- 
labies have roomy 
pouches in which the 
Young can grow to a 
considerable size, 
Even when they are 
oid enough to leave 
it, young kangaroos 
return to the pouch 

in order to feed, 


\ 


2 The reproductive 
arrangements of mam- 
mals divide them into 
three groups (gestat- 
ion periods in blue) 
Monotremes, the Pro- 
totheria, have female 
reproductive systems 
[A] resembling those 
of reptiles and pro: 
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Seeaiso 
The classiticarion of 
roammals 

Anienal a 
Sex nth 
world 
Mammals the 
ast 

Theage ot 
Primates: rotatives 
‘of man 

Desert birds and 
Monotremes and 
marsupials 
Whales. porpoises 
and dolphins. 


duce eggs (8). Thus 
the development of 
the young takes place 
outside the mother's. 
body. Marsupials, the 
Motatheria, have 
two-part vagina [C] 


. 


0 tyr 


(but no placenta) and’ 
give birth to live 
young (D] which crawl 
into the mother’s. 
pouch and live there 
for the remainder of 
foetal development. 
Placental animals, 
TE], have 


° w 


a uterus that can 
carry the young to an 
advanced stage of de- 
velopment ranging 
from the immature 
rat |F) to the fully 
formed giraffe |G] 


mammals have really “taken the plunge", 
exchanging fingers for flippers and down the 
ages losing their legs in the sea. Seals, sea 
lions, sea cows and, most completely of all, 
the whales and dolphins [11] have aban- 
doned the land and their four-footed preten- 
sions to return to the primeval ocean from 
which they painfully emerged so many 
millions of years ago. 

The bats are the only flying mammals. 
Others, such as the so-called flying squirrel, 
may prolong what is really no more than a 
leap by passively holding out sheets of loose 
skin and gliding. But only the bat has wings 
that flap — as well as its personal version of a 
sonar system, using a continuous emission of 
ultrasonic bleeps to locate obstacles and 
potential food sources that it cannot se 


Diversity from genetic development 

The remarkable diversity of form among 
mammals has developed during a relatively 
short period in evolutionary terms. Rept 
and amphibians, over a much longer time, 
have diversified much less dramatically. The 
embryos of vertebrates resemble each other 


a 9 Foxes control 


their body tempera- 
tures differently, The 
Arctic fox (A) i 
protected from cold 
by a thick fur coat 
that turns white in 
winter. Its ears are 
small and almost sub- 


9A Arctic fox 
Alopex lagopus 


8 The spiny anteater 
has two problems, 
and has found a solu: 
tion to both. The 


50 40 30 20 10 0 
degrees centigrade 


40 


first problem arises 
from the presence of 
spines on its back 8 Fennec tox 


instead of hair. This Fennecus rerde 


makes copulation 

in the normal belly- 

to-back position 

painful. The second 

absence in ‘ 
of an erec 
tile penis, which 
‘means that the geni 
tal openings must be 
brought as close to- 
gether as possible 
for fertilization. 

So the spiny anteater 
mates belly-to-belly 
or just tail-to-tail 


oe 
50 40 40 30 t0 0 fo 
deorees centigrade 


11 Bottle-nosed dolphin 
Tursiops truncatus 


Dorsal nostril (blowhole) 


Toothed jaws 


Sunken eve aids 


streamlining No external oor 


Flippers are modified forelimbs, 


é 
“ 


during the early stages of development and 
there is not much difference between the 
appearance of a fish and a human embryo to 
begin with. But as development progresses 
mammalian embryos begin to show charac- 
teristic mammalian features and reach a stage 
at which they all look very similar to one 
another and quite different from the “lower” 
orders of vertebrates. 

This is presumably because the genes that 
regulate the early development of fish have 
changed little in the course of events leading 
to the emergence of mammals. Those that 
control later development, however, have 
clearly evolved very fast indeed. It is now 
believed that the diversity of the mammals is 
due to an explosive acceleration in the rate of 
change of the genes regulating critical 
developmental events — genes whose 
activitieS are still not understood, but which 
are responsible not only for features such as 
the elephant’s trunk, the neck of the giraffe 
and the camel's hump, but also for the 
development of the cerebral hemispheres of 
the brain, an organ that in turn is able to 
initiate complex behaviour patterns. 


merged in hair to 
prevent heat loss. 
Tho fennec fox (B], 
‘on the other hand, 
lives in the Sahara 
‘ond has enormous 
ears whose copious 
blood supply and 
ge surtace are 


make them a very 
efficient device for 
losing heat. The 
temperature range 
‘over which it ha 

to survive starts 
somewhat above 
where that of the 
Arctic fox leaves off, 


20 30 40 50 60 


Ag 


- 40 fF éo 1, 


|Streamiined body 


Young are born tail-tirst 


Key 


Female 


Eutherian, or placen- inserted into the 
tal mammals have female vagina [2], and 
reproductive systems sperm is emitted from 


the rabbit. The 
erectile penis [1] is 


the testes [3]. This 
enters the uterus (4) 
to fertilize ripe ova 


10 


8 c D 


4h 
£+/ 


10 Thefeetofmam- —_ webbed paddle. Moles 
malshaveevolvedin —[C] have truncated 
many different ways toes for leverage 


from the basic mam- 
malian foot [A] pos: 
sessed by the earliest 
shrew-like mam- 
mais, Seals [B] have 
developed evenly 
Graduated toes fora 


when digging. The 
camel's two toes [D] 
are padded for walk- 
ing on sand, Horses 
have a hoof (E] in: 
stead of claws, and 
elongated feet for 


Dorsal fin for stability Tall lukes for propulsion, 


No hindlimbs. 


4 
iN 


descended from the 
ovaries [5]. Urino- 
genital tracts (2, 6) 
separate from the 
rectum [7], replace 
the primitive cloaca. 


Speed, as has the 
cheetah [F]. Bats (G) 
have enormously 
elongated digits to 
support wings, 
Kangaroos’ toes |H) 
are for hopping, Le: 
murs [I] andsloths 
[J] have forelimbs 
for grasping trees, 


11 Thedolphin has 
‘come full circle in 
‘evolutionary history 
and has returned to 
thesea. Typically 
mammalian features 
are not very easily 
recognizable because 
of the dolphin’s 
streamlined, fish- 

like body, After birth 
of the young, which 
feed from teats 

close to the genital 
opening, female 
dolphins separate 
themselves from the 
school with one other 
female. Dolphins 

have well-developed 
social lives and are 
considered to be 
highly intelligent. 
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Monotremes and marsupials 


Monotremes and marsupials are the two 
most primitive groups of true mammals. The 
monotremes bear the marks of their reptilian 
ancestry in their bony structure as well as in 
the feajure that gave them their name, for 
monotreme means literally “single hole" and 
refers to the fact that excretory and 
reproductive functions are both served by 
one passage, the cloaca, Higher mammals 
have separate excretory and genital tracts 


Monotremes: the egg-laying mammals 

The three surviving genera of monotremes, 
the duck-billed platypus (Ornithorhynchus 
sp) [1] and the Australian and New Guinea 
anteaters (Tachyglossus spp and Zaglossus 
spp), all lay eggs that havea typically reptilian 
soft leathery shell and the latter take the 
hatched young into a temporary pouch. The 
young feed on milk secreted from modified 
sweat glands which, however, are not com- 
bined into a single milk duct ending in a 
nipple. Although the monotremes have fur 
that evolved to help maintain body tempera- 
ture, the temperature-regulating mechanism 
in the brain is imperfect; as a result they tend 


“paddie'*for the 
molluscs, chiefly 


lives by the wat 
building tortuou 
burrows inthe river 
banks where it nests. 
The female remains 
Inthe nest (which may 
be lined with gum 
aves) until the 
young hatch, a pro- 


cess that takes 
about two weeks. The 
platypus usually lays 
two eggs ata time 
which are 1.6-1.86m 
(0.5in) in length and 
1,4-1.5em in diameter, 


2 Now Guinan jang-nosed 
spiny anteater 
Zaglossus bruins 


Tasmanian devil 
Sarcophilus hanisl 


2 The New Guinea 
anteaters aisoan 


covered in short, 
brown mammalian 
fur, the anteater has 
spines over its = 
upperbodyandonly  ° 
the soft underside 
isfurry. Anteater 
eggshatch about 

10 days after they ai 
laid, atter which the 
young transfer to the 
mothers pouch for 

6 to 7 weoks, 


Taumanian wolt 
Thylacinus eynocephalus 
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1 Duck-billed platypus 


to be cooler and-have a more variable body 
temperature than higher mammals. 

Both kinds of monotremes have, how- 
ever, developed marked specializations 
peculiar to their different ways of life. The 
platypus has webbed feet as well as its duck- 
like bill to equip it for an aquatic existence 
[1]. The spiny anteater has long claws and a 
Pointed nose for digging ants out of their 
nests. Neither has teeth but the platypus bill 
has a horny ridge which is used to demolish 
the shells of molluscs. 


Marsupial characteristics 
Although the pouch is the distinguishing 
characteristic that comes to most people's 
minds when they think of marsupials, strictly 
speaking the important zoological point is 
not the presence of the pouch but the absence 
of the placenta, an internal organ designed to 
nourish the fetus within the mother. (Many 
American opossums, for example, generally 
lack a pouch.) The egg yolk plus uterine 
secretions nourish the embryonic marsupial 
for the first few days and in some cases a 
primitive placenta forms. The young animal 


Orithorhynchus anatinus 
‘ 


S' Numbat 


Myrmecobius fasciatus 


Tiger eat 
Dasyurops 
maculatus 


is then obliged to crawl, still in an unformed 
fetal state, into its mother’s pouch, where it 
latches on to one of her nipples for susten- 
ance during the rest of its development. 

Both the marsupial mother and the fetus 
are highly specialized for this arrangement 
The fetus, for example, develops its forelimbs 
far in advance of its hindlimbs for the long 
climb between the vagina and pouch. The 
mother’s teats are not the passive objects of 
the placentals, but long, muscular organs that 
actively inject milk into the young, 

Only in the Americas and Australasia 
have marsupials survived. In South America 
they are represented principally by the opos- 
sums and the rat opossum of the Andes. 
Marsupials are classified into two main 
groups, the polyprotodonts and the 
diprotodonts. A polyprotodont, which liter- 
ally means “many front teeth”. has more 
than three incisors in each jaw. A dip- 
rotodont, “two front teeth”, is more 
specialized, and has only two projecting teeth 
in the lower jaw for grazing. 

The South American marsupials, with the 
single exception of the rat opossum, are all 
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polyprotodonts. They have failed to develop 
a typical diprotodont feature - the fusion of 
the two digits (syndactyly) for purposes of 
hair-combing, which is found in all diproto- 
donts except the bandicoot. 


Australasian marsupials 
Australasian marsupials (3], which have had 
130 million years to evolve without competi- 
tion from placental mammals, are much more 
varied than their South American relatives. 
They fall into four rough groupings, defined 
by their feeding habits - omnivorous, insec- 
tivorous, carnivorous and herbivorous, 

The South American opossums (family 
Didelphidae), which are generally pouchless, 
are insectivorous or omnivorous [4, 5]. The 
bandicoots, also omnivorous or insec- 
tivorous, occupy a family of their own and 
have developed backward-facing pouches 
This is a special trait of marsupials that dig or 
burrow and serves to protect the young from 
flying earth, The wombat shares this 
specialization. 

Carnivorous marsupials are rare in South 
America, but numerous in Australia, and 


tna 


Wombat 
Vombatus ap 


Koala 
Phascotarctos ciereus 
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Koala’s feet 


Fore 


Hind 


tralasian marsupials, 
whose habitats vary 
from underground 
burrowsto nests high 
inthe branches of 
trees, They may 
swim, walk, hop, 
oreven (inthe case 
of the flying 

squirrel) glide, 


Kangaroo's 
ind foot 


include parallels to the placental cats and 
wolves, although all are quite small. The 
insectivores include the marsupial mole, 
numerous pouched mice (which occupy the 
niche taken up by the shrews of the placental 
group) and the rat opossum. 

‘The most specialized of the marsupials 
are the Australian diprotodonts. All have 
developed rodent-like teeth for gnawing 
vegetation or, in kangaroos and wallabies, for 
shearing grass. This group contains three 
genera of “flying” mammals, including the 
flying squirrel (Petaurus). Apart from the 
squirrel-like phalangers, there is the wombat 
of similar size and habits to large placental 
rodents such as marmots and woodchucks, 
and the famous Australian “bear”, the koala, 

The kangaroos and wallabies invite no 
easy comparison with placental equivalents. 
They alone have developed the peculiarly 
powerful hind legs and muscular tails that 
have given the group its name ~ the Mac- 
ropodidae, meaning “big feet”. But they are 
unique in other respects, combining gnawing 
types of teeth with grazing habits and often a 
very large body size. 


4 Murine opossum 
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Placental mammals 


Onlytwobranchesof tothe sub-class Pro Motathoria— lack the 
monotremes,theegg- totheriaand although _true placenta of 
laying mammals, exist specialized are th 


trestill extant. 


platypus. They belong 


and marsupials ~ 


4 The murine opos- 
sum isa nocturnal, 


tree-dwelling ma 
pial inhabitant of the 
South American 
Andes and Argentina. 
Itfeeds on fruit, in- 


Goodtoliow’s 
‘wee kangaroo 
Dendrolagus sp 


5 Common opossum 
Didelphis marsupials 


5 Thecommon 
‘sums familiarforits 
habit of feigning 
death when surprised 
and gave riseto 


Ring-taited 
tock walla 


prehensile tail 
rid eatholie feeding 

habits. itis between 

33. and 50cm (13-20in) 

tong. with atail 

length of 30cm (12in), 


Groat grey kangaroo 
Mactopus giganteus 
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Rodents, insect-eaters and bats 


Two out of every five species of mammals in 
the world are rodents (order Rodentia), the 
chisel-teethed gnawing animals. The insecti- 
vores fall into two groups, first those clas- 
sified in the order Insectivora and second 
other insect-eating animals, namely the bats 
(order Chiroptera), the anteaters (order 
Edentata), the pangolins (order Pholidota) 
and the aardvark (order Tubulidentata), 
Despite the differences between them, 
which are mainly connected with feeding, the 
Rodentia and the Insectivora share a number 
of common features and these are, in turn, 
similar to those of early mammals. For 
example, they are small, built to a simple 
plan, and most have five toes on each foot. 
Rodents range in size from the capyba 
[1] of South America, which is as large as a 
small pig, to the African pygmy mouse (Mus 
minutoides) which averages about 7.Sem 
(3in) in length, only slightly smailer than the 
shy European harvest mouse (Micromys sp) 


Rodents and rabbits 
Rodents are found in almost every available 
habitat the earth has to offer, apart from the 


1 Copybare 
Hydrochoorus hydracharis 


4 Indian porcupine 
Hystro indice 


6 Naked mole rat 
Heterocephalus glaber 


6 The naked mole rat 
is almost blind but 
is nevertheless per. 
fectly adapted to 


its burrowing life 
inthe deserts of 
eastern Africa, 


8 Jumping mouse 
- Zopus hudsonius 
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sea, Most live on the ground, but niches from 
treetops (squirrels) to underground burrows 
(mole rats) have been exploited; beavers and 
some others have even become adapted, 
though not totally, to life in water, having 
webbed feet and heavy waterproof fur 
Rodents move in various ways. On the 
ground, progression is usually by running, as 
with the Patagonian hare, or by leaping, as 
with the jerboas. Above the ground, rodents 
may climb or glide, as can be seen in the tree 
squirrels and flying squirrels [2]. 

Rabbits and hares, and their relatives the 
pikas, belong to the order Lagomorpha, a 
word that means “hare-shaped”. Although 
they resemble rodents, lagomorphs have 
different kinds of gnawing teeth [Key BS] 
Compared with rodents, there are few 
species in the rabbit group, but it is neverthe- 
Jess a highly successful one with vast numbers 
of individuals. Hares differ from rabbits in 
having longer hind legs and ears that are 
Jonger than their heads [10]. Rabbits and 
hares can walk, but they usually hop over the 
ground instead; however they can move at 
great speed when danger threatens. Pikas are 


2 European flying squirrel 
Proromys volans 


4 Protection for the 
porcupine is provi- 
ded by a coat of 
spines. Itcan erect 
these when dangor 
threatens, The spines 
are loosely at- 
tached and may 
become embedded 
in predators. 


7 Muskrat 
Ondatra ziberhicus 


8 Anative of the 
cold scrublands of 
North America, the 
jumping mouse is 
related to the 
desert jerboas. 


Like them, it hops 
an its long and 
powerful hind legs. 


the smallest of the group. They are easily 
distinguished by their small ears, almost com: 
plete lack of a tail and the possession of all 
four legs of equal length 


‘The insect-eaters 
The group of mammals belonging to the 
order Insectivora has a long evolutionary his- 
tory, Fossil insectivores are known from the 
rocks of the late Mesozoic era. These crea- 
tures shared their world with the dinosaurs, 
but they and their descendants survived when 
the great reptiles died out. Today, members 
of the order Insectivora are found in all parts 
of the world except for the polar regions and 
Australasia (where the insect-eaters are 
monotremes and marsupials) and live in a 

ide range of habitats from mountains to 
lowland rivers, and from tundra to tropical 
forest. They include a number of widely 
differing forms, but all feed on insects or 
other small invertebrates, Most widespread 
are the ever-hungry shrews, the smallest of all 
mammals, Somewhat larger, though no less 
voracious, are the moles, Moles are all bur- 
rowing animals that loosen the soil with their 
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1 The largest of all 


bara, An excellent 
swimmer, it lives in 
‘small colonies in 
swamps and near 
rivers of tropical 
South America 


2 The European fly- 
ing squirrel lives 

in forests inthe 

far north of the 
continent. Simi 


in both northern 
and tropical forests. 


3 Another South 

American rodent is 
the mara or Pata- 

gonian hare. It 
closely related to 
the guin 
is called 
because it hops away 
when itis frightened, 


5 Black rats lived 
in Asian forests 
originally, but ov 
the centuries they 
have accompanied 
man to many parts of 
the world. Because 
they need warmth, 
they are often found 
in buildings. Fleas 
that live on them 
sometimes spr 
disease to man. 
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7 The scent of the 
muskrat, from which 
it gets its name, 
comes from special 
glands. The animal 
was originally a 
native of North 
America but it has 
since been intro- 
duced into other 
parts of the world 
because of its fur. 


9 Rodents and insec- 
tivores vary in size 
from the bulky capy- 
bara down to the 
tiny pygmy shrew, 
‘one of the worl 
smallest mammals. 


short, powerful forelimbs and shoulder their 
way through to consolidate a tunnel round 
their bodies. Still larger are the hedgehogs 
[12], which are native only to the Old World 
They are protected by a coat of spines that 
has the advantage, rare in animal armour, of 
being fairly lightweight. The porcupine [4], 
among the rodents, has the same kind of 
protection, but there is no close relationship 
between it and the hedgehog, 


‘The bats 

Most bats [15, 16], the only flying mammals, 
cat insects, Their wings are attached to their 
forelimbs, which are long and slender and 
have elongated finger bones that support the 
fragile membrane. The rear of the wing is 
attached to the bat’s hind legs and is some- 
times extended to include the tail. Bats make 
up almost a quarter of all placental species. 
They owe their success possibly to the fact 
that they occupy a niche left vacant by the 
diumal birds, because bats are nocturnal 
insect-eaters. They feed mainly on night- 
flying creatures such as beetles and moths, 
which they detect with a highly sophisticated 
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14 One of the smal- 
Jest of all mammais 
the North Ameri- 
pygmy shrew. It 
measures only about 
Sem (3.5in) overall 
‘and weighs less than 
3gm (0.102). Like all 
shrews, itis highly 
active but has only ’ 
a short life-span, 


sonar system [17]. There are far fewer batsin 
temperate regions than in the tropics, where 
their diet comprises a much wider range of 
food, including blood, fish and fruit 

Many other groups of animals eat insects. 
They include the pangolins [13] of the trop- 
ical Old World, which are armoured with 
overlapping horny plates, giving them the 
appearance of animated pine cones. Some 
species can climb trees. In the tropical New 
World there are no pangolins but their place 
is taken by the anteaters, These belong to a 
curious South American order called the 
Edentata (“animals with no teeth"). This is 
misleading name because some members of 
the group ~ the tree sloths and armadillos - 
are equipped with many teeth, although 
these are degenerate structures that lack 
enamel and are restricted to the back of the 
mouth. The anteater’s extremely weak jaws 
[Key D] are long and tubular, and its mouth 
forms a tiny slit at the end. Its long, sticky 
tongue flicks out like a whiplash to scoop up 
the termites on which it feeds. The aardvark 
of South Africa is in no way related to the 
anteater but has a similar life-style. 


10 The American jack 1 
rabbit, so called, o 
is actually a hare, 


and its huge ears 
are a clue to its 
correct classifica 
tion, It squats in a 


burrow. Young jack 
rabbits are born 
fully furred. 


11 Grant's desert 
mole (Eremitaipa 
granti, from South 
Africa, is a golden: 
mole. These resemble 
true moles but are 

not closely related. 
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Grant's desert mole 


12 A coat of spines 
protects the long: 
sared hedgehog, 
which 
regions 
the Near East to 
Mongolia. The hedge- 
hog hunts by night 
and rests in a bur- 
row during the day. 


15 The long-eared 
bat is found in the 
temperate regions of 
Europe, Asia and 
North Africa. It 
holds its long ears 


16 Bats are flying 
insectivores. The 
Mexican big-eared 
bat (Macrotus mex: 


erect in flight and 
folds them down 
when it is at rest 


AS Long-eared bat 
Plecotus auritus 


canus} [1] is typical. 
The fisherman bat 
(Noctitio leporinus) (2) 
takes fish from sur- 
face water, The vam- 
pire bat (Desmodus 
rotundus) {3} slices 
the skin of a tapir 
and laps up the 
blood. The long- 
tongued bat (Giosso- 
phaga soricina) 4] 
feeds on nectar and 
pollen, whereas the 
wrinkle-taced bat 
(Centurio senex) (5) 
prefers pulpy fruit. 


The teeth of animals 
betray their feeding 
habits. Rodents such 
as rats [A] and lago- 
morphs such as rab 
bits [B] have gnawing 
incisors [1] that are 
open-rooted and con- 
tinue growing for 
life. Then comes a 
toothless gap, the 
diastema [2], followed 
by grinding teeth [3] 
Rodents have a 
single pair of inci- 
sors in both upper 
and lower jaws, and 
only the front sur- 
face is enamelled [4]. 
Lagomorphs have a 
second, smaller pair 
of incisors [5] that 
lie behind the main 
upper teeth, which 
fully enamelled 
teoth of in: 
D sectivores such a 
shrews [C] have sharp 
shearing edges. Pan- 
golins and anteaters 
{D} feed on ant: 
: have long, tubu! 


African tree 
pangolin 
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13 The African tree 
pangolin is an 
Unusual animal, Its 
short, powerful 
forelegs are armed 
with sharp claws 
that help it to 

climb and tear open 
the nests of tree 
ants on which it 
feeds. Its tail 
helps its progress 
through the trees 
by holding on to 
branches or by 
pressing its over 
lapping scales 
against the trunks. 


17 Almost all bats 
use echo-location 
with which to navi- 
gate and find their 
food. As they fly, 
they emit a series 
of high-pitched 
squeaks, each last- 
ing about 1/500 of a 


off any object in 
their paths and the 
resulting echo is 
detected by the 
bats’ sensitive ears, 
Acting on this in- 
formation, the bats 
can then take the 
necessary action, 
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Hoofed mammals 


There are more than 200 different species of 
hoofed animals or ungulates, of which the 
horse and cow are the most familiar. All 
hoofed animals are mammals and all are 
herbivores, most feeding on tough vegetation 
which they masticate with specialized and 
complex teeth. Hools are large, flat toenails 
which developed in the course of evolution as 
a result of the tendency of some animals to 
stand and walk on their toes rather than using 
the full length of the foot in the way that man 
and his close relatives do. This has the advan: 
tage of increasing the length of the leg by the 
length of the foot, and sometimes by that of 
the toes as well, resulting in a longer stride 
and faster movement 


Odd-toed and even-toed animals 

Most hoofed animals belong to two great 
orders: the even-toed, or Artiodactyla, which 
have two or four toes on each foot; and the 
odd-toed, or Perissodactyla, which have a 


variable, but almost always an odd number of 
toes. There are approximately 190 species of 
even-toed animals and roughly 15 species of 
in_ addition, 


odd-toed animals, There is, 


1 


1 The African ele- 
phant is the largest 
land mammal; a big 
male may stand at 
nearly 4m (12ft) and 
weigh over 7 tonnes. 
The tusks are upper 
incisor teeth that 
continue to grow 
throughout the long 
life of the animal. 
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Rock hyrax 


3 Several species of 
rock hyrax live in 
parts of Africa and 
the Near East. They 
are small, superfi 


cially rodent-like 
animals, living In 
rock crevices or in 
borrowed burrows, 
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another group of hoofed mammals, the 
subungulates, which includes animals as 
diverse as the elephant, the rock hyrax and 
the sea cow which has forelimbs developed as 
flippers and no hindlimbs. It is the relation- 
ship between the teeth that has confirmed the 
relationship between group members, 


The herbivores 

The ungulates arose from early mammalian 
stock at the start of the Cenozoic era some 60 
million years ago and by the Eocene, some 20 
million years later, they had become large, 
heavy-bodied herbivores many of which 
were destined to be replaced, in the Miocene, 
by fleet-footed grazers, Even in the early 
days of the ungulates three distinct groups 
began to emerge. Thus although the cow 
group (even-toed) and the horse group (odd- 
toed) may seem linked they have a long his- 
tory of separate evolution. 

Of the two, the even-toed species have 
proved to be the better survivors, for almost 
all the medium to large plant-eaters in the 
world belong to this group. The more primi- 
tive even-toed species include pigs and the 


peccaries (found in South America), which 
have four well-developed toes on each limb 
They are omnivorous in their choice of food 
and their dentition is less specialized than in 
many other forms. Hippopotamuses, which 
retreat to water during the daytime, come 
ashore to feed at night, and in some areas of 
Africa are major crop thieves. Camels, which 
are highly adapted for desert life, have only 
two toes on each foot, as do their South 
American relatives the closely similar llama, 
guanaco and alpaca. All of these animals 
have some upper teeth, 

The upper front teeth of the other even 
toed, cud-chewing ungulates are missing and 
are replaced by a horny pad, but they can 
take in food tremendously fast, often using 
the tongue to tear at vegetation. The food is 
passed to a holding compartment in the 
stomach and regurgitated later to be masti- 
cated thoroughly before being swallowed a 
second time, after which digestion proper 
starts. One advantage of chewing the cud is 
that food which may have been gathered in 
dangerous areas and rapidly eaten can be 
digested later in a place of comparative 


2 The aardvark 
which measures upto using the hoof-like 
1.5m (5ft) long. is a claws on its fore- 
subungulate found in feet. Itfeeds 
much of Africa. It chiefly on termites: 
is rarely seen for 

itis nocturnal and 
extremely shy, Its 
Presence may be de. 
tected by the large 


burrows it digs, 


2 Aardvark 
Oryetoropus afer 


4 The dentition of 
subungulates varies 
widely. In the 
elephant’s lower jaw 
[Al the larger molar 
tooth (11 is replaced 
as it wears out 

by another tooth 
growing forwards [21 
In the rock hyrax 

[8] the upper 
incisors [3] are 


open rooted. The 
lower incisors point 
forwards like small 
tusks. There is a 

big gap [4] between, 
these and the grind- 
ing premolars (5) 
and molars (6). in 
the manatee [C] the 
incisors are replaced 
by horny pads |7) 
behind fleshy lips 
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catches with its 
Jong tongue, ct 
with sticky saliva 
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5 The manatees are 
subungulates of the 
tropical coasts of 
the Atlantic, al 
though one species 
travels as far north 
as Georgia. The 
fleshy lobes Jn the 
upper lip are suf 
ficiently mobile to 
seize food and pass 
ito the mouth, 


safety. Deer, giraffes, antelopes, cattle, sheep 
and goats all chew the cud. 

Odd-toed animals were at one time more 
‘numerous than at present; today only horses, 
thinoceroses and tapirs survive. The rarity of 
the first two is largely due to persecution by 
man, and the true wild horses and asses and 
the three species of Asiatic rhinoceroses are 
among the rarest mammals in the world, 
although the zebra is relatively common in 
parts of Africa. No odd-toed animal chews 
the cud, and none has any true horns, those of 
the rhinoceros being made of compressed 
hair. The rhinos have three toes on each foot 
the tapirs have four on the front feet and 
three on the hind feet, while horses 
(including donkeys and zebras) have lost all 
but the large central toes of each foot, The 
balance of the leg is therefore completely 
different from that of the even-toed animals 


Elephants, hyraxes and sea cows 

The subungulates are the smallest group of 
hoofed animals. Two species of elephant sur- 
vive to the present day in Africa and southern 
Asia, the sole remnants of an order of giant 


6 Common 
Taurotraqus 


Roindoor - 


Rangiter tarendus 


lodion chevrotai 
Tragulus meminna 


Malayan tapir 
Tapirus indicus 


6 Hoofed animals 
include many species 
economically import- 
ant to man. The 
sland is the largest 
of the antelopes. 
Recently attempts 
have been made to 
domesticate it for 

its excellent milk, 
meat and hides. 

‘The water buffalo is, 


found as a wild ani: 
mal in some parts of 
India but has been 
domesticated in much 
of the tropical 

world. The hippopot 
‘mus, an African 
animal, is found in 
rivers, lakes and 
swamps, in social 
groups. The reindeer 
migrates vast dis. 


animals which once inhabited most of the 
world. Their size alone distinguishes them 
from all other land mammals, but the posses- 
sion of a trunk and the peculiarities of the 
teeth, which include two tusks in the upper 
jaw and only four other teeth, also set them 
apart. Elephants eat much food and may 
travel many miles a day in search of it 

A group of animals found in Africa and 
the Near East and thought to be closely 
related to the elephants is that of the hyraxes, 
small, dumpy yet agile creatures which live 
socially in forested or rocky areas, All have 
hoof-like nails on the four toes of the front 
feet and a large claw on the innermost of the 
three toes of the hind feet 

Fossil remains have shown us that the 
early relatives of the sea cow were similar to 
those of the elephant. Now, however, the sea 
cows are entirely aquatic, living in tropical 
rivers and offshore areas where they feed on 
vascular plants akin to eelgrass. They are 
large, placid, sluggish animals, which swim by 
means of a tail fluke. The forelimb is trans. 
formed into a paddle and in some species this 
carries small flattened fingernails 
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Water butt 
Bute! 


bu 


stances between sum 
mer and winter feed: 
ing grounds, Both 
male and female 
carry antlers. The 
Vicuna is a South 
American relative of 
the camel and lives 
in small herds in 
arid or mountainous 
areas. Its numbers 
have been greatly 


reduced by hunters 
seeking their fine silky 
fleeces. The red 

river hog, so-called 
because of its red- 
dish bristles, is 

found in Africa. It 
lives in family 

groups and forages 
at night. Chevro 

tains live in Africa and 
Asia. They are small, 


vis amon 


shy, nocturnal animals 
that inhabit dense 
bush. The males 
develop long tusks. 
Burchell’s zebra is 

the commonest of the 
striped horses of 


Atrica. Why itis 
striped is a puzzle, 
for it lives in 


family groups in 
‘open country where 


the stripes seem to 
make it more ob- 
vious. The Malayan 
tapir is a shy, noc: 
turnal inhabitant of 
dense forests in SE 
Asia. The moufion is 
8 mountain dweller 
found only in the 
remoter parts of 
Sardinia and Cors: 
ica. itis related 


fm iis 
= 
Me Phono 


The front limbs of a 
selection af hoofed 
animals show that 
the same sequence 
of joints occurs how- 
ever many the toes. 
The elephant's foot 
(A) has 5 toes 
slightly spread and 
backed by tissue pad 
The manatee's flip. 
per [B] and the rock 
hyrax’s trotter [C] 
both have a hand- 
like skeleton. The 
pig [D] has 4 toes 
but walks on only 2 
The horse’s “hand” [€] 
contains only one 
toe, with the last 

of the finger bones 
carrying the hoof, 
while the rhinoceros 
[F}has 3 

toes to each foot, 


atte camolopardal 


to the ancestor of 
the domestic sheop, 
whose fleece has 
been developed from 
the wool layer be: 
neath tha mouflon’s 
top coat of coarse 

fur. The long neck 

of the giraffe 
enables it to reach 
trees up to a 

height of 6m (18K) 


A group of zebra by 
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Flesh-eating mammals 


Many kinds of animals are flesh-eaters. Land 
mammals of this type are classified zoologi- 
cally into the order Carnivora (which 
includes cats, hyaenas, dogs, weasels, bears, 
racoons and civets), a group in which most of 
the members are adapted to a life of preying 
on other creatures, 

One group of mammals (the seals, sea 
lions and walrus) became adapted although 
not completely ~ to existence in water. These 
are treated by most authorities as the order 
Pinnipedia, but are sometimes grouped as a 
sub-order within the Carnivora because both 
groups are descended from a common 
mammalian ancestor that lived in the Eocene 
period more than 50 million years ago. 

Some members of these two groups have 
diverged from a strictly carnivorous way of 
life. Thus the hyaena [5], although a fero- 
cious hunter, feeds on carrion, bears [6] eat a 
variety of food including fruit leaves and ber- 
ries, the aardwolf [10] feeds almost exclu- 
sively on termites and the walrus [12] feeds 
‘on marine shellfish. The panda and kinkajou 
are Carnivora that eat mostly plants 

The carnivores are native to almost all 


1 The jackal (Canis 
Sp) feeds in typical 
carnivore fashion, 
using the large, 
slicing carnassial 
teeth at the back of 
ts mouth to cut the 
meat into chunks 
small enough to 
swallow. Most carni: 


Vores have toes con: 
nected with a web of 
skin that endows 
flexibility yet gives 
enough strength for 
digging, Carnivores 
sometimes dig for 
their prey; at other 
times they excavat 
or enlarge a hole 


4 A formidable snake- 4 Banded mongoose 
killer of Africa and ‘Mungos mungo 
India is the banded 
mongoose. Lithe and 
swift, it relies on 
speed and agility to 
evade the poisonous 
fangs of its prey. 
Italso feeds on 

small ground game. 


ve 
“ 
5 Spotted 
hyaona " 
Crocut “a 
erocute N 
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parts of the world except Australia, New 
Zealand and many Pacific islands, while the 
seal group has members widely distributed 
on the shores of temperate and polar seas. 


‘The carnivorous life-style 
Successful carnivores are well equipped for 
preying on other animals and all are built ona 
relatively primitive plan, with a long, fairly 
flexible body and tail. The terrestrial species 
have well-developed and often long legs. 
Among the dogs are several long-distance 
runners, and among cats is the cheetah, the 
world’s fastest sprinter. Even the short- 
legged carnivores can move rapidly over 
short distances. The proportions of the head 
differ in the various groups of flesh-eaters, 
but certain features are common to all of 
them. Most have well-developed canine 
teeth with which they hold their prey, 
comparatively small incisors (cutting teeth) 
and two pairs of molars or carnassial teeth 
adapted to flesh-eating needs. The carnas- 
sials have special cutting edges that act like 
scissor blades. 

Carnivores have fairly good eyesight; in 


2 Acarnivore’s skull 
bears small, nipping 
incisor teeth in the 


ine teeth [2] and 
ies of premolar 


and molar teeth for 
slicing and crushing 
food [3]. The fourth 
Upper premolar tooth 
and the first lower 


for aden. The jackal 
lives in family groups 
but many canids 

tray 

groups. 

the task of hunting 
becomes less onerous 
for each individual 
and the prey is 
shared by the pack. 


These are known as 
the carnassial teeth 
[4] and are charac: 
teristic of carni. 
vores. The orbit [5] 
or bony cavity that 
contains the eyeball 
is large, open and 
directed forwards. 


6 The brown bear 
(Ursus arctos) is 
found in Europe, 
North America and 
Asia, Many forms 
have developed, dif- 
fering widely in 
colour and size. An 
island race, the 
Kodiak bears from 
northern Canada may 
weigh up to 725kg 
(1,8001b) and are the 
largest land carni- 
vores. Bears will eat 
almost anything, 
including fish, carrion, 
plant food and even 
honey when they can 
get it. They doze 
through the winter 
months but do not 
hibernate fully 


lives in the savan- 
nas of Africa. t 

feeds as a scavenger, 
taking the remains of 
lion's kill, but itis 
also an efficient hun: 
ter and competes with 
lions. Its powerful 
Jaws can crush bones 
that even a lion 

could not crack 


many the eyes are sufficiently far down the 
face to give some degree of stereoscopic 
vision and this helps them to judge distances 
when pouncing on prey. Their sense of smell 
is usually well developed and their sense of 
hearing is acute. Most carnivores are intelli- 
gent animals ~ this is because they must be 
versatile opportunists if they are not to be 
‘outwitted by their prey 


Social, marine and subterranean carnivores 
Most carnivores are solitary creatures, 
although the young often depend on their 
mothers ~ or occasionally both parents~fora 
long time after birth. Two exceptions are the 
dogs, which usually live and hunt in packs, 
and lions which form prides of males, females 
and juveniles. Lions may also hunt singly or 
in pairs. Another “great cat”, the tiger, is a 
lone hunter living in jungle — unlike the lion. 
which lives in open grassland. Most of the big 
cats gorge their kill in one meal and follow 
this with a drink and a long period of rest. 
usually ina shady spot 

In the colder parts of the world, members 
of the weasel family have occupied many 


3 Leopard 
Panthers pardus 


3 The leopard and 
the "black panther’, 
colour phase of 
the leopard, are 
found in tropical 
rain forests of 
Africa and Asia and 
feed on any animal 
that they can ove: 
power. The leopard 


is one member of the 
cat family (Felidae) 
of which the Siber 
ion tiger is the 

largest and the 
South African black 
footed cat the smal 
lest. Most cat 
including the leo- 
pard, are solitary, 
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‘secretive animals 
that live in forests 

or dense scrub, 

where they are cam: 
ouflaged by beaut! 
fully spotted or striped 
coats. Many cats can 
climb and some. in: 
cluding jaguars and 
tigers, can swim well 


niches. Some are found in water (the otters), 
some in trees (martens) and others (weasels 
and stoats) are small enough to follow their 
prey into underground burrows. The badgers 
dig vast underground tunnel systems from 
which they emerge at night to forage. 
carnivore, however, has become completely 
adapted to a subterranean way of life. In the 
tropical Old World, mongooses [4], genets 
{11] and their relatives hunt mostly small, 
ground-living prey, although there are some 
that eat insects or fruit. In the New World and 
parts of the Old, mongooses have their 
counterparts in the racoon group [8], which 
embraces a wide range of animals including 
fruit-eaters, The marine carnivores, the seals 
[13], sea lions [14] and walruses [12], feed 
mainly on fish and molluscs. 

Because of their way of life, the seals have 
evolved a highly streamlined form. They 
have, unlike the whales, retained their body 
fur but like them have a thick layer of 
insulating blubber beneath the skin. The 
seals are skilful swimmers; their limbs are 
modified into flippers, the forelimbs being 
used for propulsion in the eared seals and 
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7 The skunk’s fur is 
boldly striped in 
black and white and 
serves as an unmis. 
takable warning to 


would-be predator: 
for it is well able to 
look after itself 

Hf molested, the 
skunk ejects a foul 
smelling liquid from 
its anal scent glands. 


7 Skunk 
Mephitis mophitis 


1 


¥ Ww 


we 
12 Aunique relative with its large 
of the seal, the tusks. A large male 
walrus is assigned (a bull) may be more 


a family of its own. 
Itfeeds on molluscs 
which it rakes up. 
from the sea-bed 


than 3m (7ft) long 
and weigh a tonne. 
The tusks may reach 
1m (39in) in length, 


walrus and the hindlimbs in the true seals. On 
land, seals are clumsy creatures, although the 
eared seals can turn their hindlimbs forward, 
which enables them to walk and even run. 
The true seals cannot do this and, as a result, 
have to drag themselves by their flippers. 

Seals come ashore to breed and at this 
time they are highly gregarious, although the 
males are also intensely competitive. Breed- 
ing colonies of seals can contain up to a 
million animals in an area of only 50 square 
kilometres (19 square miles) 


Scent glands and skin 
Most carnivores except the seals possess a 
pair of anal scent glands that produce an 
odoriferous fluid for defining territories, 
attracting a mate, or in some cases. asa means 
of defence, the most notorious example being 
the skunk [7], Most of these scents are offen- 
sive to human beings, but some have a sweet 
component and are used as bases for per 
fumes. Many flesh-eating animals, especially 
the cats, weasels and seals, have pelts of great 
softness and beauty and have been hunted 
almost to extinction for their skins, 


B Racoon 
Procyon 
fotor 


0 Aardwoit 
Proteles cristatus 


10 The sardwolt, 

of the savannas of 
southern and east 
em Africa, is related 
to the hyaenas 

but lacks their strong 
jaws and teeth and 
feeds almost exciu- 
sively on termites and 


insect larvae, varying 
its diet with mice 

and eggs of ground: 
nesting birds. It may 
gain protection by 
mimicking the striped. 
coat colouring 

of the hyaena, 


12 Walrus 
‘Odobenus 
rosmerus 


Key 
Flesh-eating mammals 
(carnivores) were 
among the earliest of 
placental mammals to 
appear. Primitive car 
nivores (creodonts) 
lived alongside the 


last of the dinosaurs. 
Early in the Tertiary, 
during the Eocene, 
cat-like and dog-like 
forms evolved from 
and replaced the creo: 
donts. Ali modern 


members of the order 
Carnivora are descen: 
ded from these two 
groups. The bear and 
racoon families are 
the least specialized 
for flesh-eating 


(Dog-ike) 


8 Anall-rounder 
‘among carnivores is 
the racoon, which, 

is found in many 
parts of North Amer 
ica. It eats al 

most any kind of 
food, climbs and 
‘swims well and often 
lives close to man. 


9 The kinkajou is an 
oddity among carni: 
vores because it has 
4 prehonsile tail 
Mtuses this as it 
climbs among the 
tree tops of tropical 
America in search of 
the soft fruit that 

is its main food. 


9 Kinkajou 
Potos flavus 


11Genet 
Genette genette 


14 South American 
sea lions breed in 
large, widely dis: 
tributed colonies. 
One bull guards a 
harem of up to nine 
females and may be 
very aggressive. 


Erignathus 
barbatus 


13 The bearded seal 
(Erignathus barbatus) 
is a maritime carni 
vore that lives in 
small groups in Arctic 
waters. Like all seals 
ithas a streamlined 
body that is heavily 
insulated with fat 
beneath the skin 


genet species but only 
one, Genetta genera 
lives in Europe, The 
rost inhabit forest 
and dense brush in 
Africa, These noc- 
turnal animals spend 
the day in rock 
crevices, hollow 
trees or any similar 
shelter. They feed 

on the ground, eating 
rodents, birds and 
any other animals 
that they can catch 
The civet cat 
(Civettictis civetta), 

a close relative, is 
one of the sources 

of commercial musk 


Otaria dyronie 
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Whales, porpoises and dolphins 


The whales comprise a group that includes, as 
well as the large marine animals of that name, 
all the smaller species such as porpoises and 
dolphins, All are members of the mammal 
order Cetacea. The whales are not only the 
largest but also among the most intelligent of 
animals that have ever lived. But aslong as he 
rer, man has hunted whales 
for food and today modern methods used to 
capture whales threaten the continued exis- 
tence of many species. 


has been a seat 


The origins of whales 
The whales, with the carnivores, are 
descended from a common mammalian 


ancestor that lived in the Cretaceous period 
more than 65 million years ago, While most 
of the carnivores developed on land, the 
ancestors of the whales took to the water and 
became completely adapted to an aquatic 
way of life. As they evolved, tail flukes 
developed for locomotion, the hindlimbs 
disappeared and the forelimbs became mod- 
ified to form balancing and steering paddles. 
There are two main groups of whales: the 
of which the relatively few 


baleen whales, 


Ths Pl 


dolph 


2Bote 
Hype 


nowed whale 
don wmpullatus 


2 The bottle-nosed 
whales belong to the 
groups called beaked 
whales, They have 
only one or two 

pairs of teeth and 
feed on squid and fish, 
They range in 

length from 4.5 to 
13m (14 to 40ft) 


3 Narwhal 


3 The narwhal 
found in Arctic seas, 
Wtreaches a length 


2.8m (9M) in length. 
tis generally found 
only in the male and 


species vary from 6 to over 30m (20 to 100ft) 
in length and the largest weigh more than 100 
tonnes, and the toothed whales, which are far 
more numerous and mostly much smalle 
[Key]. The baleen whales have no teeth but 
carty instead triangular plates of horny mate- 
rial in the roofs of their mouths. These 
‘whalebones” [10] are used to strain krill - 
small shrimp-like organisms that are the 
baleen whale’s only food —from the seawater. 
Most toothed whales have large numbers of 
simply shaped teeth in their mouths and feed 
almost entirely on fish and squids 

Whales are the only mammals that live 
the whole of their lives in water. Unlike seals 
they do not even return to the land to breed. 
Although they are aquatic creatures they 
must surface at regular intervals to take in 
oxygen and release waste carbon dioxide. 
The nostrils, situated at the top of the head, 
are tightly closed during submergence 


Whale life and development 

All whales can hold their breath for a long 
time ~ some of them for up to two hours. But 
if water enters a whale’s lungs it drowns as 


1 The La Plata dot- 
phin is representa: 
tive of the family 
of freshwater dol: 
phins and is found 
in the River Plate 
of South America 


4 Kitter whale 


any other air-breathing creature would, The 
distinctive spout that displays the presence of 
a whale, thrown up just before it surfaces, is a 
mixture of water and condensed vapour from 
the animal’s breath 

Whales have been known to dive to 
depths of 1,500m (4,800ft) and they are able 
to do this by means of various physiological 
adaptations. Before diving the air in the 
whale’s lungs is changed completely; to do 
this the whale breathes several times in quick 
succession, During the dive the heartbeat 
slows and blood is shunted from the muscles 
to the brain. The centres in the brain that 
control breathing, unlike those in man, are 
relatively insensitive to the increase in carbon 
dioxide in the blood and as a result the whale 
is not “forced”, as a man would be, to take 
another breath when the carbon dioxide 
concentration rises. 

Whales can grow so huge because their 
bodies are supported by water. The blue 
whale (Sibbaldus musculus) [11] is the largest 
animal ever to have lived; sizes of up to 34m 
(113ft) have been recorded for the female 
blue whale. Almost all traces of hair and fur 


vexillitera) is found 
in Lake Tungting Hu 
on the River Yangtze. 
The long, beaked 
snout is character 
istic and contains 
large numbers of 


The Ganges dolphin 
(Platanista gangetica) 
and Amazon dolphin 
(Inia geotfrensis) 
‘occur in the res 
pective rivers and 
yet another (Lipores 
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See stso 
The classification of 
Thelieot 
Endangered 

Flesh eating 


Crabsand lobsters 


teeth - up to 222 in 
the La Plata dol 
phin. Except for 
the Amazon dolphin, 
the river dolphins 
are virtually blind 
and orientation and 
food location are 
achieved by means 
of sound and touch 


0f 3.6 10 5m (11 to 
16ft). The distine: 
tive tusk can grow to 


develops from the left 
tooth of a pair inthe 
upper jaw. The func 


tion of the tusk is 
not known. Narwhales 
feed on fish and squid 
4 The large triangulor 
dorsal fin and the 
black and white body 
are the two obvious 
features of the killer 


whale (Orcinus orca) 
tis found mostly 

in polar seas and is, 
generally considered 
to be the most fero: 


clous of the whales. 
Any creatures inthe 
sea are considered 

as food by the 

‘9m (30ft) killers, 


7Pilot whale Glabicephuls sp 


Beluga 


Dolphuneptorus levcas 


5 Another Arctic 
species of whale is the 
beluga. Itusually 
travels ina schoo! 
which may number 


hundreds. Its food 
consists of many spe- 
cies of fish and squid. 
The beluga grows to 
a size of 4.25m (17h) 


6 The Atlantic 6 Botio-n 
bottie-nosed dol- Tine 
Phin is the one com 
monly kept in capti 
vity. Itgraws to a J 


length of 3.6m (101) 


14 dolphin 


7 The pilot whale 

or black fish is 

often sean i 

schools containing 
several hundreds. 

It grows to 8.5m 
(26ft) in length 

and can weigh over 
1,000kg (2,2001b). It 
feeds mostly on squid. 


If frightened near a 
sloping shore a 
whale school may 
become stranded 
and die, The three 
species of pilot 
whale are found in 
most oceans except 
the polar seas. They 
migrate between 


warm and cold waters 
depending on the 
season. Breeding 
takes place in warm. 
water. They have a 
life-span of about 

50 years. The New. 
foundiand whaling 
industry is based 
onthis species, 


and feeds on a var 
iety of fish, {tis 

a highly intelli 

gent animal and can 
be taught to fetch 
and carry objects 
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have been lost, but these insulating devices 
are replaced by thick layers of fat or blubber 
beneath the skin, The efficiency of the 
blubber as an insulator is so great that the 
heat produced in the decomposition of adead 
whale can even cook and char the flesh 

Whales lack a sense of smell and cannot 
see very well. As a result they have to rely 
greatly on their senses of hearing and touch, 
Recent studies have also shown that whales 
make a wide range of sounds and some of 
these have been shown to involve 
communication between individuals. This 
may be so elaborate that it comprises a primi- 
tive language. Sound is used for both echo 
location of prey and orientation ~ the strand 
ings of some species on sandy beaches may be 
due to an absence of echo reflection 

Whales and dolphins are found in all the 
oceans of the world and some dolphins live in 
freshwater rivers [1] and lakes. Many whales, 
especially those from the colder seas, migrate 
to warmer waters to breed. One of the best 
known is the Californian grey whale 
(Eschrichtius glaucus) [8], which makes its 
annual migrations down the west coast of 


omia groy Whale Exchvichtius glaucu 


9 Right whale Eubofoene wp 


T1Blue whale 


North America to the lagoons and estuaries 
of Baja (Lower) California. 

Young whales may be up to a third of the 
size of the female, They are born tail first to 
ensure that they do not drown during birth 
The female pushes the young to the surface to 
take its first breath and suckles it from teats 
lying in slits on either side of the genital 
opening. To allow the young whale to suckle 
and breathe simultaneously the female floats 
on herside and ejects the milk forcibly 


The endangered species 

The species of whales most threatened by 
man are those of the open oceans whose car- 
cases are used to produce oil. These include, 
in particular, the sperm whale (Physeter 
catodon), the blue whale (Sibbaldus mus- 
culus) [11], the humpback (Megaptera 
novaenagliae) and the fin whale 
(Balaenoptera physalus). Properly managed, 
however, the world’s whale stocks could still 
provide man with a large, steady source of 
food as well as allowing him to study these 
fascinating and unique creatures, Instead, he 
seems determined to exterminate them, 


9 The right whales 
are found in all 

the world's oceans 
including subtrop 
ical waters, There 
are three genera — 
the Greenland right 
whale (Balaena sp), 
the black right 
whales (Eubalaona 


Sibbaldus muscutu 
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> Whales range in size 
vs from the small river 
’ dolphins to the 


giant blue whale. 
The majority of spe 
cies do not exceed 
about 10m (30ft) 
and many of the dol. 
phins and porpoises 
reach only 3m (9ft) 


8 The grey whales 
are confined to the 
North Pacific. There 
are two populations, 
one living on the 
eastern side and one 
on the western side, 
From the northern 
seas they migrate 
south in winter to, 


breed in the shal 
low, warmer seas 
off Baja California, 
and South Korea, 
They feed on plank 
ton. which they 
strain from the 
water by means 
of baleen plates 

in their mouths. 


Spp) and the py. 

my right whales 
(Caperea spp), They 
are all rare due to 
‘overhunting, Their 
name derives from 
the fact that they 
were the “right” 
whales to hunt. They 
grow to 18m (55tt) 


10 The head of the 
baleen whale 
‘enormous and is 
about a third ora 
quarter of the ani 
mal's total length, 
Fringing each side 
of the mouth is a 
series of baleen 
plates [1] which act 


a8 food strainers. 
When feeding, the 
whale swims through 
swarms of krill 
(small, shrimp-like 
‘marine animals) and 
when sufficient 

have been trapped 

it dives, closes its 
Mouth and swallows, 


11 The largest ani- 
mal in the history 
of the earth is the 
blue whale. It grows 
toa length of 30m 
(90ft) and can weigh 
112.5 tonnes, It usu: 
ally travels at 
speeds of 10 to 12 
knots. its other 
name of sulphur 
bottom whale is 
derived from the 
film of yellowish 
microscopic algae 
that sometimes forms 
on its undersurface, 
It inhabits polar 
seas and only rarely 
enters tropical 
oceans, but it does 
move to warmer 
waters to breed. It 


like the right and 
grey whales, feeds 

‘on krill, which it 
strains from the 
water with plates of 
baleen. Its stom. 

ach can hold about 
two tonnes of food. It 
is rarely encounter 

ed in schools and 
seems to bea rather 
solitary animal. It is 
now protected, but 
possibly too late to 
save it from extinction, 
following over-hunting 
by whalers. Two 
related and en- 
dangered species are 
the fin whales (Ba/aen- 
optera spp) and the 
humpback (Maga 
ptera novaeangliae) 
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Primates: relatives of man 


Man, as a mammal, is a member of a group of 
mainly tropical creatures called primates. 
Like other mammals the early primates [Key] 
were contemporaries of the last of the 
dinosaurs. Today, the non-human primates, 
which include the monkeys and apes, abound 
in warmer parts of the world, They are in 
many respects a conservative group and 
retain, as does man, a number of primitive 
skeletal features such as the collarbone long 
since discarded by most other mammals. 
They have also kept, as few others have, the 
primitive number of five toes on each foot 

In evolutionary terms, primates have 
undergone few physical changes. Such 
ions as they do show are almost all 
towards perfecting them to a tree-dwelling 
life and even man still retains many of these 
features. The earliest primates to take refuge 
in trees differed little from their insect-cating 
ancestors on the ground. 


Variety of lower primates 

The tree shrews (Tupaiidae) of South-East 
Asia [1] are thought to represent an early 
stage of primate development, They can be 


1 The tree shrew, 
like some of the 
earliest primates, 
hunts insects, 


1 Tree shrew 
Tupaia glis 


2 The tarsier is 80 
named because of its 
elongated tarsals or 
foot bones. These 
enable it to leap 
great distances 


2 Philippine tarsiar 
Tarsius sytichta 


4 The uakari is 2 
species of monkey 
that inhabits the 
tropical forests of 
‘South America. Soon 
after its ancestors 
reached the area it 
became isolated by a 
sea barrier, and the 
monkeys developed 
along slightly dif 
ferent lines from, 
their Old World rel: 
atives. All are very 
agile forest dwel 

Jers and many, but 


4 Uskar 
Cocu/ao rubicundus 
not the uakari, are 
helped in climbing 
by the prehensile 
tail, which can be 
used as an extra hand, 
Some carry obvious 
tufts of hair; others 
have bald and often 
brightly coloured 
skin on their hands. 


6 Gorilla 
Gorilla goria 


regarded as living fossils. Indeed, some 
authorities prefer to exclude them from the 
primates proper and group them with the 
insectivores or to place them in their own 
separate order. They are active, squirrel-like 
animals with long tails, pointed faces, large 
eyes and small, human-like ears. As they 
climb in search of food - mainly insects ~they 
grasp the branches with their clawed fingers 
and toes. This grasping ability [8] is amplified 
in all other primates. It enables them to make 
more use of small branches than the purely 
clawed species can and, when at rest, to hold 
and handle food and other objects. 

‘The prosimians of Africa and Asia are an 
array of species including the lemurs 
(Lemuridae) from Madagascar [7]. Many 
have hands and feet with opposable thumbs 
and great toes (that is, the first digit can be 
rotated and crossed over the palm of the hand 
or ball of the foot) [8]. These creatures can 
hold firmly on to whatever they grasp and 
their handling power is enhanced by the 
development, on most toes, of flat nails 
rather than claws. ‘The bush babies and lor- 
ises (Lorisidae), although retaining the dog- 


3 Lower and higher 
forms of primates 

are found in tropical 
Africa. Bosman's 
potto is a primitive 
primate, slow-moving 
and nocturnal, that 
clings tightly to tree 
branches. The rela- 
ted dwarf galago 


Boxman's potto 
Perodicticus potto 


5 The gorilla, one of 
the rarest of the man- 
like apes, lives in the 
forests of equatorial 
Africa and is the big. 
gest of the great apes. 
It isa peaceable ani- 
mal, keeping to its 


ways in the forest, 6 The cotton-top 
where it feeds marmoset is found 
almost entirely on in wooded areas 
vegetable matter of South America 


like naked nose of the lower primates, have 
large eyes and a short snout which makes 


them look more human than their close rela- 


tives, at least facially, 

The tarsier (Tarsiidae) [2], similar in 
many respects to the other prosimians, hasan 
even more human-looking face. Its huge eyes 
look directly forward and the face has shrunk 
beneath them, enabling the animal to achieve 
a high degree of stereoscopic vision. This is a 
necessity (as is its foot structure) if the tarsier 
is to leap about in its forest home. It needs to 
be able to judge distances, like other pri- 
mates, with accuracy. This comes with eyes 
that look forward rather than to the side 
With the shortening of the face there isa ten- 
dency for the sense of smell to become less 
acute. The face is similar to that of the higher 
primates rather than the dog-like face of the 
lemurs. The tarsier’s brain is larger and more 
complex than that of its near relatives. 


Man's closest relatives 

Animals belonging to the highest group of 
primates are called anthropoids (Anthro 
poidea). They include monkeys and apes, as 


spends much of its 
time on the ground but 
can leap out of danger 
with great agility. 

Most female primates 


other African forest 
species, has decora: 
tive fur, for which 
ithas been hunted 
to near extinction 


term bonds with their 
young, as shown by 
mona monkeys, The 
colobus monkey, like 


wart galago 
Galagoides 
demidovii 
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Mona monkey 
Cercopithecus 
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The classification of 
mammats 
Endangered 
African rainforest 
New World tropics 
Mammals of the 


past 
Forests of South 
East Asia 


‘Colobus monkey 
Colobus abyssinicus 


6 Cotton-top 
matmoset 
Saguinus oedipus 


7 The ring-tailed 
lemur is a pro- 
simian found only 
in Madagascar. 


7 Ring-tailed lemur 
Lemur cata 


well as man, and many lead complex social 
lives in which individuals live as families and 
the young are cared for over a long period. 
Communication among these primates is also 
highly developed. 

Two groups of monkeys are known. One 
is found in the tropical New World (South 
and Central America) [4], while the other 
inhabits the Old World tropics (Asia and 
Africa), Some species are found in cooler 
areas, such as the foothills of the Himalayas 
or in Japan. The main difference between the 
two is their nose shape. Old World monkeys 
have their nostrils closer set which gives them 
@ pronounced nose. The nostrils of New 
World monkeys are set wide apart giving 
them a flattish nose. 

Grasping or prehensile tails are found 
only in species of New World monkeys but all 
monkeys, with one exception (the night mon- 
keys or douroucoulis) are diurnal; they sleep 
at night and are awake during the day. Both 
types of monkeys are social animals, living in 
groups with a well-developed hierarchy 
Some Old World forms such as the baboons, 
have largely deserted the trees to take up life 


8 The opposability = BA Hand 


of the thumbs and 
‘great toes enables Y 


primates to grasp 

objects. Tree- 

living monkeys and 

apes |A, DJ have 

opposable great 

toes, but not 

thumbs. Man’s hand 

[B] has opposability 

but there is little 

flexibility of the 

great toe. Only the 

tarsior’s feet [C] 

have opposable first 

toes. In ground-living 

monkeys (E] fingers 

are short: thumbs and 

great toes cannot 

be fully opposed. 

© Mana © Hand 
ta 


Macaque 
Macaca op 


on the ground. But they are still good clim- 
bers and when threatened can scamper to 
safety among branches or rocks. 


‘The lesser and great apes 

‘The apes are distinguished from monkeys by 
their greater size, their bigger and more com- 
plex brains and their complete lack of a vis- 
ible tail. The siamangs and the gibbons of 
South-East Asia, referred to as the lesser 
apes, are spindly-limbed forest acrobats [9] 
that can travel at high speed through the tree 
tops, leaping and swinging by their arms, The 
great apes, which include the orang-utans, 
gorillas [5] and chimpanzees, are all larger 
and heavier creatures. They spend much of 
their time on the ground, although they 
Tetreat to the branches to sleep. 

Man’s evolutionary relationship with the 
great apes is particularly close. Apart from 
man’s much larger brain, the main bodily 
differences are associated with the ape’s 
specialization to a forest life, and man’s to 
‘open country living ~ walking on hind legs, 
rather than on all fours or swinging from the 
branches of trees by his forelimbs, 


B Hand : 


Foot 


9 Primates move in 
different ways. 


seen in some of the 
lemuroids which, 
like the siow loris 
(family Lorisidae), 
can cling so closely 
tothe branches that 
they can climb up- 
side down. Tarsiers, 
although small, can 
p and cling, 
using their clasping 
hands and feet. Most 


the langur (family 
Cercopithecidae), 


‘scamper between 
branches, holding on 
with both hands and 
feet and using their 
long tails for 

balance. Some mon- 
keys, such as the 
macaque (family Cer- 
copthecidae), walk 
on all fours, put- 

ting their hands flat 
on the ground. Apes 
such as orang-utans 
(family Pongidae) 


Paleocene 


Cretaceous 

A family tree of pri- lemurs flourished in ably evolved fram 
mates shows thatthe — many parts of the tarsier-like ancestors 
earliest members of world although today —_during the Oligocene. 
the group were closely they arefoundonly —_ period. The first 
related tothe insect- in Madagascar and = —_—_true apes appear later 


ivores, as are today’s 
troe shrews (shown in 
illustration 1). in 

the Eocene period, 


by Comoro —_in the Miocene. These 
Islands. Both the New 
Old 


World monkeys prob- 


compared to the 
agility of gibbons 
(family Pongidae), 


ngeutan 


on 
Pe 
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How mammals behave 


Mating and feeding, the primary needs for 
survival, provide the motives for much 
animal behaviour. Whatever the motives that 
stimulate the animal, its encounters - 
whether sexual or aggressive — always tend to 
be surrounded by rituals. These rituals are 
probably most varied among the mammals. 

Rituals associated with copulation and 
those associated with aggression may be hard 
to distinguish within one species although 
both commonly involve genital sniffing. In 
some rodents the female is larger and fiercer 
than the male and sex-play may take the form 
of a battle from which the male may not 
escape without injury. 


Group survival patterns 

Much of the social behaviour of mammals is 
directed towards the survival of the species as 
a whole. Wolves hunt in packs to enhance 
their chances of cornering prey and the prey 
in their turn have developed ways of 
thwarting bands of predators. In the musk ox 
[1] this involves the formation of phalanxes, a 
tactic that is extremely successful 


Co-operation of this sort involves 


communication between the members of the 
species, and in mammals this is both wide- 
spread and diverse, reaching its most 
sophisticated level in whales and dolphins 
and in man and other primates. One of the 
most familiar non-verbal phenomena is the 
warning system of rabbits, which thump with 
their hind feet and flash their white tails as 
they retreat from danger [3]. Mammalian sig- 
nals are not just visible and audible, for both 
touch and smell [4] are also important 


‘The importance of smell 
The importance of smell as a stimulus is easy 
to underestimate from the human point of 
view, because the sense of smell is relatively 
poorly developed in man, but is crucial to the 
behaviour of many mammals. Many male 
mammals are equipped with scent glands that 
attract females and from the female's smell 
the male can tell if she is in heat ~ that is, in 
the fertile phase of her sexual cycle 
Responses to these substances, known as 
pheromones, can be quite subtle and unex- 
pected. Pregnant female mice, for example, 
will abort their young if they are put ina cage 


with a male of another strain. This does not 
occur if they are put into an empty cage, so 
the phenomenon has been attributed to a 
pheromone. Effects of a similar kind may 
underlie the natural regulation of population 
density which has been noticed in many colo- 
nial species of mammals, 

The sense of smell may be vital in estab- 
lishing the bond between a mother and her 
young [2]. A kind of olfactory “imprinting” 
seems to occur among some ungulates, 
hoofed mammals, that give birth to a single 
young and then have to keep track of their 
offspring in a moving flock or herd. The 
imprinting takes place immediately at birth 
and enables the mother to recognize her own 
offspring. 

Exclusive bonds between a mother 
animal and her own young are not always the 
rule among mammals. Prairie dogs, which are 
actually large rodents, live in populous col- 
onies that for part of the year are divided into 
smaller territories containing groups of one 
or two adult males with females and young. 
The young are suckled indiscriminately by 
any female and groomed in a friendly way by 


2 Imprinting is res- 
ponsible for the bond 
that is formed be: 
tween a female animal 
and her offspring 
within hours, pos: 
sibly even minutes, 
after the birth. The 
female goat soon 

A 


it (al. immediately 
after the birth [5] 
the mother is allowed 
a mere 5 minutes 

of licking and nuzzl- 
ing her offspring [6] 
befor ilar 3- 
hour separation [7] 
she will usually 

rns to distin: accept and suckle 
guish herown young the kid when it is 
from others in the returned to her [8], 
herd, The immediate idly formed 
post-natal nuzzling bonding between the 
and licking is prob- fomale and her off 
ably necessary to spring is probably 
imprinting. Ifim essential to the 
mediately afterthe survival of those 
birth [1] the kid is animals living in 
removed (2, 3] for herds that are con- 
3hours the stantly on the move, 
mother will rejectit, _ like the reindeer 
‘butting or even biting —_(Rangiter tarandus) 
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1 Aherd of musk 
‘oxen forms a powerful 
phalanx ina bare 
landscape to ma) 
defensive ring of 
bulls around the 
more vulnerable cows 
and calves, which are. 
protected inthe 
safety of the centre. 
Living in the harsh 
Arctic tundra of 
northern Greenland 
and Canada the musk 
9x (Ovibos moscha- 
tus) finds natural, 
predatory enemies in 
the wolf packs of that 
inhospitable region. 
Instead of scatter: 
ing as the pack 
attacks the oxen 
muster together 
with their great 
horns pointing out 
wards. This tactic 
‘shows how the basic 
drive to flee from 
danger by running 

¥y has been super 
ded by the develop: 
ment of a social 
instinct requiring 
communication, co- 
ordination, disci- 
pline and courage. In 
their det for 
mation the oxen can 
dofy the wolf pack 
but if discipline 
broke down the pack 
would quickly attack 
and pull them down. 


any male. The same kind of system is foundin 
small communes of African hunting dogs 
Here, however, conflict can arise between 
females who compete to suckle the young. 

The most common source of conflict be- 
tween mammals is competition for females 
during the breeding season. Thisis the under- 
lying reason for the ritual clash of antlers 
among deer and is one of the defining fea- 
tures of dominance hierarchies in animal 
groups: the more dominant males have 
access to larger numbers of females. 


‘The weak and the 
Much ritualized animal behaviour is con- 
cerned with preventing competition from 
ending in harm to either competitor within a 
species. Dogs and wolves, for example, have 
recognized signals of threat and submission. 
A dominant wolf stands stiffly, hair raised, 
growling through bared teeth. The subordi- 
nate animal deters attack by crouching with 
ars flattened in a posture of submission. 
Dominance and subordination signals 
also occur in rats, both between members of 
‘one colony and between the members of a 


3A 


7 aah 


Satatat cdaiad ab aded adad 


3 A colony of wild Fagwort and ground 
rabbits [A] occupies _ivy to flourish, The 
warren made upof rabbit population is 
8 system of burrows swollen by young 
thi mvarious twice a year |C] for 
functions. In spring each female. In the 


M1} rabbits graze 
the pasture around 
their warren, strip- 
ping itof grass 

and leaving nettles, 


‘summer and the 
autumn [2] rabbits 
destroy pastures and 
‘crops. In winter (3) 
they may eat such 


colony and intruders. It is believed that mem 
bers of the same colony recognize one 
another by smell, and that intruders are 
immediately liable to attack. The attacker 
adopts an arch-backed posture and minces 
round the intruder, flank-on, chattering his 
teeth. The intruder may adopt a submissive 
posture ~ by lying down ~ and thus prevent 
actual attack. If he fails the next move will be 
leaping and biting which is sometimes fatal 

The most curious. social phenomenon 
observed in rat colonies is that of the fatal 
effect of social stress [5]. Anintruder, ora rat 
ow in the dominance hierarchy of a colony, 
may be subjected to so much threat that he 
literally gives up and dies although he is 
unwounded. 

Mammalian behaviour is not always 
directly controlled by the primary drives of 
mating and feeding but has come to reflect 
the complex demands of social life. Limited 
freedom from the immediate demands of 
hunger, thirst and sex can be seen in an 
everyday context in the willingness of dogs to 
Tun errands for their masters and of both cats 
and dogs to play with humans. 


"Two male rats in com- and bi 
petition for a female 
i2I 


h other 


[3]. A female not in 


heat [4] rejects a male 


but submits [5] when 


she is in heat (oestrus). 


a ab bd Set ad od ab ob OE 0b 05 ob ob 


crops as winter wheat. ground where they 
The cross-section ‘encounter predators 
cut through a typi- (7, 8] that deplete 
cal rabbit warren the population. 

4 Black-tailed deor 


(Al have scent glands 
on their ankles. 

They use the glands, 

called tarsal 

organs [1], for recog- 


nition, Members of a 
herd [B] sniff one 
another's tarsal 
organs (2). Fawns 
recognize their 
mothers by similar 
ankle sniffing [3], 
When a stranger (4) 
enters the herd's 
territory its smell 
betrays it at once. 


‘5 A strange rat (A) 
entering a colony 
may be subjected to 
social stress (B) 


any physical injury. 


How primates behave 


Primate behaviour is a source of fascination 
for humans as the evolutionary predecessor 
{ their own. But the behaviour of many pri 
mates is radically different from that of man. 
Most species are social, but a few, particu- 
larly the nocturnal prosimians, are solitary 
[1]. In addition to the endlessly fascinating 
question of the mental abilities of subhuman 
primates [Key] the social organization of 
these mammals is also 


Interpreting social signals 
Most of the more advanced primate species 
ve in troops with a clearly defined role struc- 
ture, the dominant males (usually the older 
and larger) being allowed first choice of both 
food and females, By comparison with other 
groups primates make elaborate use of facial 
expression, in addition to posture. in order to 
gnal dominance or submission [3]. Aggres- 
sive facial expressions often involve bared 


teeth and other signs that would be recog 
g by a human. But the 
interpretation of specific signals is not always 
obvious in human terms; for instance, curling 
of the lip is believed to signal pleasure in 


nized as threater 


1 Lemurs, retatively 1 
primitive primat 
from Madagascar, are : 
solitary animals. The 

sportive lemur (Lepi: 


lemur mustotinus) 
never forms groups 
larger than a mother 
child pair, By day (A) 
this lemur sleeps in 
ahole in atree or a 
nost of leaves and 
twigs, At dusk it 
to feed on bark 
and loaves [Bl]. It 
active at night with, 
nits home range [C} 
a radius of some 50m 
160ft) from its nest 
site to which it re. 
wn [D] 


3 Facial expressions 
are important in the 


social interactions 
of rhesus monkeys 
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gorillas whereas in humans it portrays anger 
Roaring and breast-beating, however, are 
more easily deciphered as hostile although 
they may also express exuberance and fear 
The corn 
the head slowly from side to side, avoiding 
the gorilla’s eyes, 

Within a troop, and subject to the con 
straints of the dominance hierarchy, prim 
are in general sexually promiscuous, A 
female chimpanzee has been seen to accept 
y as seven males in succession, The 
degree to which sexual activity is limited 10 
the oestrus period (fertile period) of the 
female is variable. In rhesus monkeys, 
copulation seems to be stimulated by a 
pheromone (a chemical that is smelt) pro: 
duced by the female only during oestrus; but 
chimpanzees seem to copulate at more or less 
any stage of the oestrous cycle. This dissocia- 
tion of sexual behaviour from its immediate 


ct submissive response is to shake 


asin 


reproductive function is generally seen as a 
reflection of the advanced thinking abilities 
and need for social cohesion of primates. 
Their play, through which they gain much 
experience, is more elaborate than that of 


The aggressor {Al in 
a confrontation be: 
tween two males 
stares with mouth 
open, ears flattened 
and eyebrows raised 
threateningly. The 
subordinate monkey 
[B} indicates submis. 
sion by hissing gen 
tly through closed 
teeth with its lips 
drawn back. Closer 
conflicts may involve 
lunging and biting, 
accompanied by 
grunting noises or 
roaring. In this 

way a dominance 
hierarchy emerges 
from the number of 
confrontations won 
by each animal 


other advanced mammals. The 
'y of the more intelligent primates is 
certainly well developed but it 
recently that detailed observations of anim 
in the wild have supplemented those in a 
laboratory environment in confirming this 


reasoning 


is only 


Weaponry and skills 
Tests conducted in the wild have proved deci 
sively that chimpanzees habitually use sticks 


and stones as tools [5] or weapons. The 
immediate reaction of a troop of savanna 
chimpanzees confronted with a. stuffed 


leopard was to retreat in fear to a nearby 
group of trees, The adults made much noise 
and then cautiously advanced and began 
throwing sticks in the direction of the 
leopard. When it did not move the boldest 
chimpanzees came closer and began strikin, 
it with sticks. After the stuffed head became 
detached from the body the chimpanzees 
realized that the leopard was harmless and 
went over warily to sniff it. Finally they 
ignored it_altogether and wandered off 
Baboons [2] show similar behaviour in the 
wild and have been seen trying to frighten 
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Principles of anima’ 


world 
How birds behave 


2 The orang-utan 
(Pongo pygmaeus), 
one of the intelli 
gent great apes, 
lives in the tropical 
rain forests of Sum. 
atra and Borneo. 
Orang-utans live 
in.smail groups of up 
to six individuals. 
Mother and infant |A) 
comprise the basic 

ily unit and all feed 
inly on fruit (8) 
Adult mates (C 
larger and heavier 
usually live apart 
and have pronounced 
cheek pads which 
have evolved for 
display purpoues. 


4 Baboons live in 
troops with woll 
defined dominance 
hierarchies and en 
gage in co-operative 
hunting. The troops 
may be relatively 
small and, to avoid 
inbreeding, there 
seems to be a system 
whereby young males 
periodically trans: 

fer from one troop 

to another when they 
have reached their 
full adult size at 
about six to eight 
years of age. The 
females do not trans: 
fer and their troops 
have traditional home 
ranges into which 
others rarely intrude. 


team of researchers by dropping stones on 
hem from a safe distance up their home cliff 
Despite the artificiality of the conditions, 
some of the most revealing observations and 
rigorous tests on primates have been made in 
¢ laboratory. Studies have been made of 
mother chimpanzees, for example, and have 


demonstrated how they encourage the 
independent climbing skills and movements 


of their infants. And a famous series of 
xperiments has shown that the social 


development of thesus monkeys depends 
heavily on the mother-infant bond initially 
and later on interactions with other infants 

Laboratory tests of rhesus monkeys have 
shown they can grasp abstract concepts such 


#s “oddness”. If given training in a special 
test apparatus the monkey can learn to select 
an object because it has a different shape or 


colour from others offered [6] 


Language experiments 

A rich source of controversy concerning pri 
mate behaviour is whether apes are capable 
of language, the crucial human achievement 
American researchers have bypassed the 


5 A monkey's intelli 
gence anables it to 
Jraspthe conceptot 6 
‘oddness” in a labs 
yratory test using 
overed food wells 
which contains 
\ reward. In [A] the 
)bjects covering the 
vells are the 
ame colour but two 
re cubes and one is 
‘pyramid. The mon 
ey quickly learns to 
hoose the pyramid. 
1 [B). given two, 

Je objects and 3 
all of dif 
hapes, itthen 
he pyramid, 
roving that it has 
Jarned to recog: 
ize shape and colour 


od 


problem of apes’ inability to produce human 
sounds by teaching them sign language as 
used by the deaf and dumb. Apes taught this 
language by people fluent in it who were 
responsible for their day-to-day care as 
infants (much as human infants are taught to 
speak by their parents) learned words fast 
and could use them in an appropriate con- 
text. What they have not yet been able to do, 
however, is string them into sentences with a 
clear syntax; their communication lacks the 
factor that distinguishes language from social 
signalling of other kinds, 

Ethologists (students of -—_animal 
behaviour) point out that this kind of experi- 
‘ment is only meaningful in the context of the 
apes’ ecology and highly developed 
communication system. Researchers have 
counted as many as 36 distinguishable sounds 
made by certain monkey species and found 
that different sounds are used in complex 
combinations. Nobody has yet learned an ape 
language, but enough is known to make it 
clear that the sound signals of these animals 
are used exclusively for conveying social 
information ~ not abstract concepts. 


The problem-solving 
abilities of chimp: 
anzees enable them 
to work out novel 
solutions to 
practical dilemmas 
by the use of tools, 
Confronted with a 
bunch of bananas 
that are hanging 
too high for it to 
reach, a chimpanzee 
is capable of reason. 
ing that, by putting 
a box beneath the 
bananas and using 
this a8 a step, it 

will raise itself 

toa level at which 
the fruit can be 
reached. While many 
animals make use of 
various materials 
for building pur 
Poses, the cognitive 
process involved 

in solving complex 
problems by the 
regular use of 

tools has evolved 

in only a fow species 
besides man and the 
other primates. 


5 The high intel 
gence of chimpanzees 
is demonstrated in 
their practice of 
ishing” for ter 
mites. This involves 
@ sequence of bet 
jour that is qui 
complex in logical 
thought. The first 
step is for the 
chimpanzee to find a 
suitable twig. This 

is thrust into a 

hole ina termite 
mound where the ter 
mites will attack 

the intruding object. 
The chimpanzee then 
withdraws the twig, 
to which a number 
of termites remain 
clinging, picks off 

the insects with it 
mobile lips and eats 
them. This sequence 
of behaviour with 

its regular use of 

an accessory tool 

(the twig) has been 
observed in wild 
chimpanzees in many 
parts of Africa. it 

Is a remarkable 
example of the way 
in which the curio: 
sity and puzzle. 
solving abilities that 
have been seen in 
laboratory tests on 
chimpanzees is 
actually applied to 
life in the wild 


107 


Primate to hominid 


The primates (the first or highest order of 
mammals) originated 70 million years ago 
towards the end of the Cretaceous period. 
The earliest members of the group were 
clawed quadrupeds very similar in appear- 
ance to tree shrews. They remained 
extremely primitive until, with climatic 
changes in the, Eocene period about 55 
million years ago, they increased in number 


How the prosimians developed 
Eocene primates were very similar to the 
prosimians (bush babies, lorises, lemurs and 
tarsiers) of today [1]. Some of them lost their 
four-footed form of movement and became 
vertical climbers capable of leaping from tree 
to tree. This different method of getting 
about required important physical changes. 
Although they still had the characteristic five 
digit hand and foot, the thumb and the big toe 
gradually turned in to face the other digits. 
This greatly increased their ability to grasp 
things [2, 3]. The claws were replaced by nails 
and sensitive touch pads developed on the 
ends of the digits. 

The eyes of these early primates were also 


positioned differently from those of other 
mammals of the time. Their eyes were larger 
and more forward-looking because accident- 
free life in the trees depended on better 
three-dimensional vision and so needed 
overlapping, rather than sideways, vision 
This greater dependence on sight reduced the 
importance of the sense of smell so the nose 
and snout became smaller. Greater use of 
hands, feet and eyes was probably respon- 
sible for the increased size of the brain, which 
became the largest among the mammals of 
that period. Animals that live and climb 
trees, such as the prosimians, sometimes hop 
or walk upright when they come down to the 
ground, This behaviour perhaps signals the 
origins of bipedalism (moving on two legs)., 

“Towards the end of the Eocene period the 
fossil record shows a great reduction in the 
number and variety of prosimians. The sur- 
vivors lingered on in a few isolated places 
such as Madagascar, Sri Lanka and South- 
East Asia and became nocturnal to avoid 
daytime predators and competitors. 

Fossils of animals very similar to present- 
day monkeys date from about 35 to 45 


million years ago. Two main subdivisions are 
recognized: the Catarrhini (Old World mon- 
keys including the apes and man) and the 
Platyrthini (New World monkeys). New 
World monkeys are not very importantin the 
evolutionary history of man, although they 
do provide instructive comparisons in 
methods of locomotion. 

The Old World monkey group is still 
further divided into the monkeys (Cer- 
copithecoidea) and the apes and man 
(Hominoidea). All living monkey species are 
agile four-footed climbers that clutch bran- 
ches with their well-developed hands and 
feet. Fossil finds from many countries show 
that monkeys have been extremely success- 
ful, but their range has now been reduced by 
climatic changes and, apart from some 
species in Japan, all live in the tropics 


Evolution of the ape 
‘The next evolutionary stage found in the 
fossil records occurred about 30 million years 
ago with the evolution of early apes 
(dryopithecines). Aegytopithecus zeuxis is 
one of the earliest known and was found in 
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1 The primates have 
evolved through, 
many stages, from the 
bush baby (Ga/ago) 
[A], quenon (Cerco- 
pithecus) [8] and 
chimpanzee (P3n) [C] 
to man (Homo) [D} 
This gradual evolu 
tion has involved 


changes to many 
parts of the body, The 
skulls E, F,G,H, 

for instance, show the 
gradual shortening of 
the snout and reduction 
in the size of the teeth 
(especially the can: 
ines) and jaws, Brain 
size increases and the 


the relative 
f the 
olfactory centres 
[blue] and the visual 
centres [black] is 
noticeable. The short- 
ening of the snout and 
‘changes in the ar- 
rangement of the teeth 
I,J. K, Li have atfec: 


ted the shape of the 
chin. The dental 
arcade has altered 
from a rectangular to 
a parabolic shape. 
Locomotion has pro: 
aressed rom vertical 
clinging and leaping 
and walking on all 
foursin the trees 
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(arboreal quadru- 
pedalism) to swinging 
(brachiation) that re- 
quired an upright pos- 
ture. Eventually, the 
striding walk of man 
(bipedalism) on the 
ground developed. 
The latter was prob- 
ably successful be- 


cause once man was 
upright his visual field 
was much greater 
and his hands were 
freed to carry food 
and to use tools. The 
feet |M, N, O, P} also 
changed shape and 
function. In man the 
ability to grasp with 


the feet has been lost 
The big toe is in line 
with the others and is 
large because it takes 
most of the force of 
each stride. Man's 
foot is unique in being 
‘sprung on two arches, 
fone running length: 
ways, the other across. 


rocks of Oligocene age at Fayum in the Egyp- 
tian desert, It was a fairly small animal with a 
tail and the characteristic limbs of a tree- 
dwelling quadruped. The snout was long and 
the teeth were well developed. 

A somewhat controversial fossil is that of 
the Propliopithecus, specimens of which have 
been found at the same location in Fayum, 
Egypt. The fossil was so named because, at 
the time of its discovery early in the 1900s, it 
was considered to be an ancestor of 
Pliopithecus, which is also on the evolution- 
ary line leading to the gibbon. Propliopithecus 
may be an ancestor of Aegyptopithecus or it 
may be at the beginning of the evolutionary 
line that leads to man. 

Knowledge accumulated to date shows 
that few of the fossil prosimians, monkeys 
and apes have left living descendants, Most of 
them became extinct and disappeared, Two 
‘of these extinct lines whose remains have 
been discovered are Oreopithecusand Gigan- 
topithecus. The best-preserved skeletons of 
Oreopithecus have been found in the brown 
coal (lignite) of the Pliocene age of about 
seven million years ago. This animal had long 


2 Primates evolved ning of a special 
from a stock that ized thumb although 
resembles present this does not func- 


day tree shrews. The __ tion very differently 
handis intermediate from the other four 


instructure between —_ fingers. Sensitive 
simple five-digit finger bulbs 

hand and that of are beginning to 

a typical primate. develop underneath 
Itshows the begin- _the long claws. 

2 4 
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arms and was about the size of a chimpanzee. 
It was originally considered to be on the 
evolutionary line leading to man and became 
known as “the abominable coalman”. 
Gigantopithecus also lived in the Pliocene 
and was the largest of the primates. This huge 
animal was nearly 3m (9ft) tall and weighed 
300kg (660Ib). Remains have also been 
found in Pleistocene deposits and some 
people believe that Gigantopithecus is not 
extinct but has taken refuge in mountain 
ranges such as the Himalayas and is the 
“abominable snowman” [6]. 


Lines of human descent 

The different species of apes have their 
ancestry within the dryopithecine group so it 
would seem likely that the immediate 
forerunner of man was a similar animal, At 
Present the best candidate for the role would 
appear to be a small ape-like creature called 


Ramapithecus that lived between 12 and 14 2 
million years ago. Although only the teeth 3 
and jaws are known they have features 
strongly suggestive of the earliest stage onthe 2 


direct line of descent to man [Key]. 


4a 


ais 
if 


5 The long pelvis 6 
of the gorilla is 

necessary to accom. 
modate the special 
muscles needed for 
quadrupedal walking, 

The big toe is able 

to grasp branches 

and the fingers are. 

curved inwards for 
knuckle walkin 
pel 
short and adapted to 
astriding gait. The 
skull, unlike that 

of the gorilla, is, 
balanced on top of, 
the spinal column, 


6 Reconstructions of 
Gigamtopithecus, 
Oreopithecus and 

@ dryopithecine. 


10,000 Years ago 


3 
2 
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oa. 


An important evolu- 
tionary step on the 
way to man was taken 
30 million years ago 
with the evolution 

of the apes (present- 
forms include 
orang-utan, chimpan: 
zee and gorilla). The 
earliest undisputed 
member of the group 

is Aegyptopithecus, 
first discovered in 
1964. This is prob- 
ably one of the 

early apes called 
dryopithecines and 

is ancestral to the 
hominid line. The first 
dryopithecine was 
found in France in 
1856 but specimens 
have also been found 
in Africa and Asia, 
Some of the African 
dryopithecines are be- 
lieved to be ancestors 
of the chimpanzee and 
gorilla while the 

Asian finds are 
regarded as e 
forms of orang 
utan and gibbon. 


ly 


3 The ape’s hand has 
nails instead of 
claws, and fingertips 
that are delicate 
instruments of touch. 
Although the hand 
resembles man’s 

it cannot perform 
delicate operations. 
The power grip [A] 

is similar to that 

of man but th 
no real precision 
grip. for the apo's 
hand tacks a 

fully opposable 
thumb. The ape's 
equivalent is shown 
[Band DJ. 

Tree swingers use 
the hook grip (C), 


4 The two basic 
human grips are the 
power grip [A] and 
the precision grip 

18). itis the latter that 
sets man apart from 
the apes. The fully 
developed opposable 
thumb has greatly 
increased the accu- 
racy of man’s touch, 
‘Once this stage had 
been reached he was 
able to manufacture 
and use tools with 
accuracy [C]. The 
continuing inter 
action between hand 
and brain has been 3 
major influence 

in human evolution, 


Dryopithecine 
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The first hominids 


Tantalizing gaps remain in our knowledge of 
carly man, even though they have been nar- 
rowed dramatically by recent fossil dis- 
coveries, Detailed examination of bones, 
weapons and tools has resulted in interpreta- 
tions of where and when man first appeared 
and who his ancestors were. But the remains 
are usually fragmentary — rarely are whole 
bones found, let alone a complete skeleton ~ 
which makes the assignment of any find 
within the family of man problematic. 

To this difficulty must be added another 
Collecting prehistoric remains seems to be a 
highly personalized activity and there has 
been a strong tendency for each find to 
receive a new name — perhaps understand- 
ably, after possibly years of digging and the 
sifting of millions of fragments. The resulting 
confusion in naming prehistoric man has 
considerably hindered the interpretation of 
the finds on a worldwide scale. 


‘The process of evolution 

Every find can, theoretically, be positioned 
on the evolutionary ladder from the structure 
of the skeleton. The brain has gradually 


1A 
robustus |) and Aus: 
tralopithecus atrica- 
‘nus |B} are hominids. 


tionary line as mod. 
ern man [C}, was the 
‘smaller and is known, 


increased in size, shape and complexity, and 
thus the skull has also changed. Stance has 
advanced from a bent-knee walk to the 
striding gait of modern man. To make this 
possible the shape of the pelvis has altered, 
and the foot and big toe have undergone 
modification. The hand has changed too, so 
that man can grip with finger and thumb. 

The upright stance and the various stages 
to this are well shown by the position of the 
foramen magnum, the hole at the base of the 
skull through which the spine passes. In the 
gorilla it is positioned towards the back, 
pointing backwards, whereas in man it is set 
well forward and points downwards. 


‘The earliest hominids 

There is still much doubt about when the first 
hominid (or creature in man’s direct lineage) 
emerged from ape stock, Some authorities 
claim the honour for Ramapithecus which 
lived 12 to 14 million years ago; others dis. 
pute this. The australopithecines, however, 
which lived as long as four or five million 
years ago, as shown by specimens found at 
Kanapoi and Lothagam Hill, Kenya, are 


c 


members of the same family as modern man. 

The first specimen, found in 1924 by 
Raymond Dart, was named Australopithecus 
africanus (southern-ape of Africa). Individu- 
ally, australopithecine fossils have been given 
many names and assigned to separate genera 
but they may be different species of the same 
genus. As a group they show differences in 
size, teeth, jaw and brain capacity and these 
have given rise to the popular division into 
gracile or delicate (africanus) and robust 
forms [1] 

When the first robust specimen was dis- 
covered at Kromdraai, South Africa, in 1938 
it was given the name Paranthropus robustus 
and this generic name is still used by some 
anthropologists and __palaeontologists, 
although others regard it as Australopithecus 
robustus. 

The name robustus was given because, 
although it attained the same height as 
africanus (1.5m [4.9ft}), it weighed 60-70ke 
(132-154Ib) compared with the 30-40kg 
(66-881b) of africanus, An even larger form 
was found by Louis and Mary Leakey at Old- 
uvai Gorge, Tanzania, in 19595), Originally 


2A 


2 Pittdown man, dis- 
covered at Piltdown in 
Sussex. is one 

of the most famous of 
all hoaxes. In 1912-13, 
finds were made by 
Charles Dawson 
(1864-1916), a local 
lawyer, Arth 

‘Smith Woodward 
(1864-1944) (British 
Museum) and Pierre 


Teilhard de Chardin 
(1881-1958). The 
were accepted 
ine because they sup- 
ported a contemporary 
‘evolutionary theory; 

this suggested that 
the enlargement of the 
braincase occurred 
betore modification of 
the jaw [A]. Piltdown 
id to represent 
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Primates to 
homina 


modeenman 


an intermediary stage, 
tis now known that 
jaw modification pre. 
ceded braincase en- 
largement (8). Tests 
undertaken on Pilt: 
down man between 
1949-53 revealed a 
‘man’s skull of about 
AD 1330 together 
with an orang-uten's 
jaw of AD 1450. 


Geological sub-epochs 


ted from 
about two million ee 
years ago to 10,000 ETS 
years ago. tis 
during the earlier 
part of this period 
that man’s evolution | 
passed from Australo } 
pithecusto Homo. 
Homo saplans 
saplens 
Homo sapiens 
neandertnalensis 


Homo erectus 
Homo habilis 


Australopithecus 


Mousterian 
Tayacian 
Biade toot 
industries 
Flake 
industries 
Hand-a 
industries 
Pebble too! 
industries 


Lower 
Pleistocene 


Cutur 


Lower Palacolithic 
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called Zinjanthropus boisei, it is now called 
either Australopithecus boisei_ or Paran- 
thropus boisei 

Careful analysis of the plant and animal 
remains now suggests that Sterkfontein and 
possibly Taung are the oldest of the various 
South African sites, with an age of about 
2.5 million years, while Makapansgat, 
Swartkrans and Kromdraai are successively 
younger, the last being about one million 
years old. In East Africa, where the sites are 
much older, the difficulties of dating have 
been less marked because of the various vol- 
canic rocks that are embedded with the 
hominid-containing layers, These voleanic 
rocks provide a number of good specimens 
that enable absolute dating to be carried out, 


Australopithecine’s life-style 

The australopithecines walked erect 
although some authorities have cast doubt on 
their ability to walk with the typical striding 
gait that characterizes. modern man 
Africanus has many similarities to later men, 
especially in the size of the teeth and the 
general shape of the dental arcade. The 


canines had been reduced to a size similar to 
those of present-day man 

The life-style of the australopithecines 
which has been pieced together from their 
remains reveals that they had reached several 
important landmarks in the development of 
Homo sapiens 

‘The three most important of these are the 
switch to life in open country and savanna, 
the beginnings of co-operative hunting 
techniques and the addition of meat to the 
diet, All these opened up new resources — 
Physical, intellectual and social — hitherto 
largely unexplored by primates 

Africanus lived in small groups, The 
females protected the young and searched for 
food, while the males hunted when a suitable 
opportunity presented itself — or more likely 
seavenged from another animal's kill. Bones 
were split open to obtain the marrow. By 
contrast the highly developed teeth and jaw 
of robustus show that he fed almost exciu- 
sively on vegetable matter ~ seeds, roots, 
nuts, and so on, Evidence suggests that 
africanus, not robustus, continued the 
evolutionary line to modern man [5] 


The first confirmed 
australopithecine ro- 
‘mains were found in 
1924 in the Cape 
Province. Since then 
four other sites in 
South Africa have 
been unearthed. Afri 
canus remains were 
found at Taung 
(Cape), Sterkfontein 
and Makapansgat 
(in the Transvaal), 
while robustus is 
known from Swart 
krans and Kromdraai 
(Transvaal). In recent 
years other important 
australopithecine dis- 
coveries have been 
made in Tanzania, 
Kenya and Ethiopia 
The first site to be 
developed was Ol. 

h 


wealth of material. Re: 
cent work in the Lake 
Rudolf area, Kenya, 

and the Omo River 

region, Ethiopia, 
ded to our knowledge 
of these first hominids, 
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B Homo hab 
Fe 


Midaie 
Pleistocene 


Tower 
Pleistocene 


Austrulopithecus 
robustus 


Austrstopaecus | 2 
| Shull 1476 

Ramspithecus s 
ae 


4 Man's evolution has 
been variously inter- 
preted. [A] Le Gros 
Clark suggests that 
no known hominid is 
‘a direct descendant of 
any other; [8] John 
Napier, that Aus- 
tralopithecus is two 


separate offshoots: 

IC] Phitip Tobias 

that Australopithecus 

Siaee ia Co ie Mainly stone: axe 
main hominid line poet beng 

[D} Loring Brace, Pebble tool 
that each hominid is industries 


directly descended 
from the one before; 
[E] Desmond Clark, 
that there are two. 
separate lines of Aus. 
tralopithecus, one 
Jeading to more ad- 
vanced hominids; [F] 


Inhabited sites 


Homo sapiens 


Homo wrectus 


Homo habilis 
Australopithecus 


Louis Leakey that ‘tole! 
there are interweav- 

ing branches, and that meter} 
Homo erectus is not 

the forerunner of mod Bed I 

ern man; [G] Richard * 
Leakey, that the main x 

stem separated early “mi 


from Australopithecus, 


Eaty Posrocene | 


Middle Pleistocene 


5 Olduvai Gorge on 
the Serengeti Plain 
of Tanzania (1) is 
40km (25 miles) long 
and 100m (320ft) 
deep and is the most 
famous site in the 
world for the dis: 
covery of the remains 
of prehistoric man 
The gorge is cut 
through lake and vol 
canic sediments. The 
lake deposits provide 
an ideal medium for 
the preservation of 
fossils and the 
volcanic rocks yield 
excellent material 

for accurate dating 
of remains. Louis 
Leakey (1903-72), 

a British anthropo- 
Jogist and his wi 
were 


sensational finds 
of hominids made 
since 1959 in the 
rocks of Olduvai 
Gorge, including 
the 1964 unearthing 
of Homo habilis, 
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The first men 


The immediate predecessors of Homoor man 
are known to have been the australo- 
pithecines - tool-using, upright-walking, 
ground-dwelling creatures found mostly in 
Africa. But to reconstruct the evolutionary 
line between them, and to fix the point 
at which Homo emerges, involves as many 
difficulties as there are in tracing the ancestry 
of the australopithecines themselves 


Homo habilis and Homo erectus 

In 1964 Louis Leakey (1903-72) announced 
a new find which he called Homo habilis 
(handy man) [1], thereby placing this new 
hominid in the same genus as present-day 
man. The specimen, which has an estimated 
brain size of 600cc, came from Bed I of Old- 
uvai Gorge, Tanzania, and was dated as being 
between 1.8 and 1.2 million years old. Others 
of a younger age have been added to this 
original find, some of which 
characteristics in between those of Homo 
habilis and Homo erectus (Chellean man), 
which was discovered at the top of Bed Il and 
is therefore a little older than half a million 
ars. Many authorities believe that these 


show 


3 Peking man’s tools 
were made of quartz, 
greenstone and 
quartzite. Quartz was 
the most common 
‘material used by the 
Choukoutienian cul 
ture as shown by an: 
alysis of 100,000 

tools found at the 
main site. The tools, 
which belong to the 
so-called chopper 
culture, were made by 
simple means. One 
boulder was hit with 
another to chip off 

a few flakes and so 
form a rough cutting 
edge. Sometimes it 

was this remaining 
core that would be 
most useful; at other 
times the finer flakes, 
which could be r 
touched, were used. 
Bones and antlers 

were also shaped 

into tools. The hand: 
axe traditions of 
Europe, Africa and 
western Asia 

are not found in, 
eastern Asia, 
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finds, with the exception of Chellean man, do 
not warrant a separate generic or specific 
division from the gracile (or delicate) 
australopithecines and hence call them 
Australopithecus africanus, others regard 
them as a separate species which they call 
Australopithecus habilis. 

There is evidence to suggest that Homo 
erectus (erect man) did have an 
australopithecine ancestor and the African 
finds from Olduvai Gorge seem to confirm 
this. But there are those who suggest that the 
two are not directly linked. This view has 
been strengthened by recent discoveries 
particularly that of a hominid from Lake 
Rudolf, Kenya, with a brain size of just under 
800cc and an age of three million years. This 
could mean a very carly split in the 
australopithecines and not a gradual transi- 
tion between africanus, habilis and erectus. 

Even in eastern Asia, where most of the 
Homo erectus material has been unearthed, 
clues about its origins are almost non- 
existent [5]. The oldest specimens have been 
found on Java where a find that could be an 
australopithecine was also made. But lack of 


4 The originalfinds Many attempts have 
of Homo erectus at been made to sol 
Choukoutien, near the mystery. Some be 


Peking, were unfor- _lieve that they were 
Jost when a barge 
taking goods to the 
main ship capsized, 
Thanks to the diligent 
work of Franz 
Weidenreich (1873- 
1948) excellent casts, 
such as this skull of 
an adult femi 
are still available to 
the scientists of today, 


ing World War Il. in 
order to keep them 
safe their owners, 
the Geological 
Survey of China, de- 
cided to ship them 
from China to Ameri- 
ca. They disappeared 
somewhere between 
Peking and the ship, 


material makes it tantalizingly difficult to link 
the two. Yet it is possible to show advance- 
ment between the populations of Java and 
the later ones of China. Javanese forms are 
given the name Homo erectus erectus and the 
Chinese forms Homo erectus pekinensis. 

Java man was a wanderer like the other 
men of that period. Moving from place to 
place gathering food he undoubtedly hunted 
and this may have stimulated co-operation 
within the group. Unfortunately, no imple- 
ments were discovered with the finds at Trini 
or Modjokerto in Java. But chopping tools 
[3], resembling those found with Peking man, 
have been discovered in younger deposits. 


‘The life of Peking man 

Remains of nearly 45 hominid individuals 
were discovered between 1927 and 1937 by 
palacontologists at Choukoutien, near 
Peking, in China [2]. These specimens were 
originally called Sinanthropus pekinensis but 
are now called Homo erectus pekinensis. They 
have average brain volumes of 1,000ce com- 
pared with the 880cc of the Java specimens. 
The tools and animal remains discovered 


1 Homo habilis (A) 

is the earliest of 

the prehistoric men to 
be placed in the same 
genus as modern 
man, that is Homo, 
Homo erectus |B) 
shows a considerably 
larger brain size 

than the australopith 


ecines, averaging 
about 1,000cc. in 
general tho size of 
rectus is not un: 
like that of modern 
man (C} and he cer: 
tainly walked with a 
striding gait. There 
are significant 
changes in his skull 


5 Homo erectus was 
first found in 1891 at 
Trinil on the River 
Solo, Java, by Eug- 
@ne Dubois (1858— 
1940). When it was, 
discovered, the speci- 
men was called Pithe- 
canthropus erectut 
which means erect aj 
man. The site lies at 
the foot of an active 
volcano, Mt Lawy, and 
fossils of elephants, 
rhinoceroses and 

deer were also found. 
Other examples of 
erectus have been 
excavated at Sangi- 
ran and Modjokerto, 
with younger spaci- 
mens at Ngan- 

dong and Wadjak. 
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although it may still 
be termed robust, par- 
ticularly with regard 
to the face and jaw. 
Ithas been sugges 
tod that the initial 
increase in brain 
size might well be 
inked to increasing 
size of the body. 


2 Dragon Hill, Chou- 
koutien, 40km (25 
miles) southwest of 
Poking, in Ching 


remains of what is 
now known as Homo 
erectus pekinensis. 
‘The caves, the en- 


discovered accidentally 
while quarrying was 
being carried out. The 
site is a most sig- 
nificant one and has 
yielded a large amount 


other mammal 
There is also evi- 
dence of tool-making, 
using both cores and 
flakes. The most 
important find with- 
inthe siteis 

the evidence of 
man’s use of fire, 


with the human fossils show that Peking man 
Was a successful hunter. They certainly sug- 
gest one great advance over all the other 
groups ~ the first use of fire. It would seem 
likely that Peking man had not learnt how to 
make fire but “captured” it from some natur- 
ally occurring blaze such as a brush or forest 
fire. The presence of fire in the cave would 
not only have provided light and heat but 
would have kept wild animals at bay, 

‘The remains of Homo erectuselsewhere in 
the world are somewhat meagre, One of the 
most important recent finds is the Tetralona 
skull from a cave in Greece. This was discov- 
ered in 1959 and for some time was consi- 
dered to be of a Neanderthal man. Further 
work on dating the deposits has revealed it to 
have a much earlier age. Re-examination of 
the skull seems to indicate an erectus that may 
have been a contemporary of Heidelberg 
[Key]. Another discovery, at Vertesszolldsin 
Hungary in 1965, is considered by some 
authorities to represent an intermediate form 
between Homo erectus and Homo sapiens. 
This is reflected in the name Homo sapiens. 
(syn sapiens) palaeo-hungaricus. Evidence of 


the use of fire was also found at Vertess- 
Z6ll8s. Other finds at Nice, France, have only 
recently been fully investigated (6]. 


Dating the finds 

Homo erectus lived during the Middle Pleis- 
tocene, which stretched from a little more 
than one million years ago to about 200,000 
years ago. As is the case with the 
australopithecine sites there has been 
considerable difficulty in the dating of the 
various finds and hence comparison on age 
grounds is difficult. Java man is usually 
Tegarded as between one million and 
500,000 years old and Peking man between 
400,000 and 200,000 years old. 

Much research still has to be undertaken 
to provide the links between the ancestors 
of Homo erectus and his successor, Homo 
sapiens. However, because of his brain size 
and type of culture, Homo erectus was 
undoubtedly the first man, although whether 
erectus developed gradually from Australo- 
pithecus africanus and habilis or from an 
earlier splitting off as suggested by the 
find at East Rudolf, is still an open question 


Rik 


6 Palaeolithiccamps — mounted. The site 
300,000 years old covered 221 square 
havebeenfoundat metres (264 sq yds) 
Terra Amata (be- and 35,000 objects 
foved|and)in Nice, were recovered. Al- 
France. The finds though no human re- 
were made in 1968 mains have been 
during building excav- found it would seem 
ations, andarescue _that the occupants of 
operation involving _the site must have been 
300 workers over a six- Homo erectus trom a 


month period was footprint that has been 


found. An examination wuts, which were 
ofthe pollen content —_oval shaped, 

of the fossilized in size from 7.8— 
human faeces has 14.71 (26-48ft) in 
revealed that the Jength and from 3.9— 
hunters came tothe 6m (13-2Ott) in width. 


‘camp in late spring The walls were made 


or early summer. Evi- of branches pushed 
dence suggests that down into the sand 
Partofthe site was and propped up by 
Occupied during 11 stones around the. 


consecutive years. outside. There also 


Homo erectus is 
known from Africa, 
Asia and Europe. 
Much of present 
knowledge is from 
the first specimens, 
those found in China 


{1} and Java [2]. Orig- 


nally regarded as 
completely separate 


‘appear to have been 
central supporting 
posts [1]. Each 

hut has a hearth (2) 
protected on the 
windward side by a 
screen of stones. Al- 
though seafood [3] 
formed part of the 
diet, there seems to 
have been a prefer- 
ence for the young 


types, they are now 
considered to be sub- 
species of Homo erec- 
tus, being called 
respectively pekinen- 
sis and erectus. In 
Africa finds have 
been made in Olduvai 
Gorge, Tanzania (3), 
Ternifine, Algeria (4) 


of big game: boar 
(Sus scrofa) (4); 
Merk’s rhinoceros 
(Dicororhinus merki) 
ISI: deer (Cervus 
elaphus) {6}; wild 

‘0x (Bos primigenius) 
{7l: ibex (Capra ibex) 
ind the extinct 
hant (Elephas 
meridionalis) (9) 
The tools were made 


and at Swartkrans in 
‘South Africa [5]. In 
Europe the most 
famous find is that 

of a jaw-bone fram 
Heidelberg (6), Other 
finds have come from 
Tetralona, Greece [7], 
and from Vertess- 
261168, Hungary (8). 


tools [11]. Wooden 
staves may have been 
hardened in the fire 
112]. Owing to the con- 
temporary level of 

the sea the camps 
were closer to the 
coast than at present. 
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From ancient to modern man 


There is a considerable gap in time between 
specimens of Homo erectus, the earliest man 
to walk erect, and unmistakable forms of 
Homo sapiens (intelligent man). In physical 
terms the dividing line between the two is 
rather arbitrary and is related largely to brain 
size. The various sub-species of early Homo 
sapiens have a brain case about a third larger 
than that of Homo erectus 


Incomplete picture of ancient man 

In tracing the early evolution of Homo 
sapiens 4 major difficulty has been that the 
older finds are limited mainly to Europe 
[Key], although significant evolution cer- 
lainly took place elsewhere. Also, most of 
these finds were made when archaeological 
and palacontological techniques were less 
advanced than they are now. As a result, 
information that would have been valuable 
has been lost forever. Increasing interest, on 
a worldwide scale, in palaeontology and the 
history of man has led to a more balanced pic- 
ture. As more and more finds are made poin- 
ters to significant trends in the evolution of 
Homo sapiens are beginning to emerge 
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The two specimens usually regarded as 
having claims to being the earliest sapients 
were found at Swanscombe, Kent, England, 
and at Steinheim, near Stuttgart, Germany 
Both of these came from the Mindel-Riss 
interglacial period, about 250,000 to 
200,000 years ago. The brain volume of the 
Steinheim specimen is calculated at 1,150cc, 
and that of the Swanscombe specimen at 
about 1,300cc, but these estimates are based 
only on fragments of the skull. Although the 
brow ridges are more like those of Homo 
erectus, the rounded shape of the back of the 
skull is more modern than that of Nean- 
derthal man who appears later. Another find 
at Fontéchevade, in France, of even more 
modern appearance, is from the Riss-Wirm 
interglacial of about 90,000 to 80,000 years 
ago, It cannot be placed with certainty on any 
evolutionary line. 

From the early upper Pleistocene there 
appear to have been a number of different 
populations of sapients, The best known are 
the Neanderthals who lived during part of the 
last and most intense period of glaciation, the 
Warm, from about 70,000 to 35,000 years 


ago. There are a few finds that indicate that 
the Neanderthal type was established earlier 
than this. Finds at Saccopastore, near Rome, 
are undoubtedly Neanderthal and have been 
dated to the Riss-Wiirm interglacial. Other 
finds of the early Warm glaciation have come 
from Morocco, Libya and Israel. The 
majority of finds have been made in western 
Europe, however, and the picture of Nean- 
derthal man so gained is limited. The face and 
skull features of western and northern Euro- 
Neanderthals may have been no more 
than local adaptations to extreme cold; the 
broad nose, for instance, may have 
developed to moisten and warm more air 
before it reached the lungs. 


Beginnings of culture 

The first specimen of Neanderthal man was 
found in 1856 [2]. Because anti-evolutionists 
did not want to recognize it as a relative of 
man, it was the subject of a long and heated 
scientific debate before being accepted as 
Homo sapiens neanderthalensis, Neanderthal 
man became the cave man of the cartoonists - 
a shuffling, stupid creature. This view was 
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1 Neanderthal man 


(AL, with his large |e 
brain but squat build ie 

and heavy brows, BB 100-125 
gave way about § 75-100 
30,000 years ago to Li <15 


Cro-Magnon man (8) 
whose physical make: 
up was closer to that 
of modern man [C} 


2 The site of the 
first Neanderthal 
find was the valley 
of the River Dissel, 


‘and Wuppertal 
where farm workers 
discovered 
skullcap in 1856. 


3 The hunting skills 
of Neanderthal man 
ave been well 
developed. Among his 
opponents were the 
woolly rhinoceros 
and the cave bear 
which was 1m (39in) 
taller than Neander. 
adults. These 


animals provided 
not only food but 

also materials for 
clothing and for 

use in the cave. 
Hunting techniques 
required a great deal 
‘of co-operation within 
the group. Among dif 
ferent methods used 
were the stampeding 
of animals towards 
narrow gorges or 

cliff edges and the 
digging of pits or 
‘other forms of ambush. 
Fire-hardenod 

‘spears and stone clubs 
were employed to kill 
the prey and stone 
tools to skin it 


5 Ceremonial burial 
of the dead is sug- 
gested by the discov. 
ery of a Neanderthal 
skeleton clasping the 
jawbone of a boar. 
The Neanderthals 


GD Prosent-day quarries 


4 Cannibalism can 
be traced back at 
st as far as 

ing man. Skulls 


have been found with 
holes dri 
bases. These holes 
probably allowed 
extraction of the brain. 


were the first to 
practise such rites. 
Ritual burials have 
been found at 
Monte Circeo, 
Italy, and at several 
sites in France, 


distinctly false. Although, with his sturdy 
build and massive brow ridges he was cer- 
tainly different from modern man [1], his 
brain size was, on the average, slightly larger. 
Not only was he a good hunter [3] but, more 
important, there was an awareness of life and 
death and perhaps the beginnings of magic or 
religious ritual within his group [5, 6]. It was 
in 1908, at Le Moustier, near Payrac in the 
French Dordogne, that the grave was disco- 
vered of a young man positioned as if for 
sleep. At Drachenlock, in the Swiss Alps, the 
skulls and bones of cave bears were carefully 
arranged on small walls; similar sanctuaries 
have been found in Austria and Germany 
Although the number of finds of this 
“classical” Neanderthal have made them 
justly famous, the various specimens do not 
Provide the vital information necessary to 
trace the evolution of modern man. Tan- 
talizing clues exist. Some of the most inter- 
esting finds, in which a mixture of Nean- 
derthal and modern features are displayed, 
have come from the caves of Tabun and 
Skhul at Mount Carmel, Israel, Other finds of 
Neanderthaloids have been made in China 


At the cave mouth, rock 
dabris conceals layare of 
‘ath built up by the fires 
of the early men who 
tha shelter of the 
1c8 both to keep a 
Jookout and to cook their 


changed by later nat 
ural events. But it is 

still possi 
perience, to read the 
story they contaii 


denoting a long period 
of use, 


the river was close to 
its present level (1) 


25,000 y 


ing be: 
came widespread, A 
river terrace [2] 

‘shows that the cave 
was once submerged, 
leaving an insoluble 
limestone residue on 


the floor [3]. Asthe 
river cut into its valley, 
it gradually fell (4), de- 
positing a silt bed (5), 
Continued deepening 


‘A burrow in the cave floor 
has been left by 
animal. It was deflected 
‘sideways by harder rock 
‘until it could continue 
downwards, throwing up 


of the vatley left the bones from older deposits. 
oor of the cave dey, [i Ciel st thecend of he 
Rock falls blocked the [ha"rtsarne wry 
entrance after man 


ages makes dating 


abandoned thecave. difficult 


7 The origins of art ——_ were produced by the 
go back to at | Gravettian people 
30,000 BC. Carvings ——_(22,000-18,000 BC, 


‘on antlers [A] are 
among the oldest 
forms, dating from 
the Aurignacian per- 
od (30,000-22,000 
BC), Cave paintings 
like that of the 
wounded aurochs [B) 


These paintings may 
have been magical 
(helping to trap game) 


they certainly show 
‘man’s knowledge and 
‘sympathy with animals. 
The Gravettians dec- 


and Java, while in Africa, specimens have 
been discovered at Broken Hill, Zambia 
(Rhodesia man); Hopefield, South Africa 
(Saldanha man); Kanjera in Kenya; and 
Omo in Ethiopia. Claims and counterclaims 
have been made for these specimens, But 
dating is difficult because the normal aids, 
such as layers, are often missing, the finds 
having been made in collapsed caves or on 
bare ground that has registered little change. 


Crop cultivation and animal husbandry 

In Europe the Mousterian culture disap- 
peared abruptly about 35,000 years ago. 
Neanderthal man was replaced by men of the 
upper Palaeolithic, probably from the Near 
East, such as Cro-Magnon, little different 
from modern man. Cro-Magnon man, like 
his predecessors in hominid evolution, was a 
hunter and a gatherer. Nomadic groups 
moved from place to place in the continual 
search for food. All of this changed about 
7000-8000 BC when, in the Middle East, 
Neolithic man began to cultivate crops and 
domesticate animals. The relatively short 
road to modern societies had begun. 


Just inside the mouth of 
the cave a bird of prey, 
possibly » buzzard, bullt 
its nest. The evidence 
lies directly below it on 
the slope of the rock 
debris where small rodent ng 
bones are scattered. dopicted 


Cave art is found wott 


men buried their 
In various ways 
‘Some buried skulls only, 
lanayed with possessions 
‘oF ornaments: others, 
‘buried men but not 
women. This akeletan 
shows evidence of careful 
tin 2 sleeping, 
similar to that of 
remains in the 
Grotte des Entants, Monaco. 


‘spread cave boar cul 
‘been found in carefully 
Prepared arrangaments of 
Doar skulls (herw in 
stone compariment), leg 
bones and other frag- 
‘ments, Men could hardly 
have picked » more 
dangerous opponent, 
‘and they could find meat 
much easier 


orated ivory and pro- 
duced some of the 
famous Venus figur 
[C] and body orna- 
‘ments [D]. Solutrean 
people (18,000-15,000 
BC) produced fine 
friezes and the Mag- 
dalenians (15,000- 
8000 BC) were paint- 


Finds of specimens 
that can be placed 
inthe Homo sapiens 
group are widespread, 
particularly in Eur 
‘ope. The earliest 

in geological age, al- 
‘most 200,000 years 
‘old, are those of 
‘Swanscombe in Eng- 
land and Steinheim in 
Germany. Famous 


Stalactites hanging from 
the roof of the cave have 
developed over thousands. 
of 

ining calcium 
carbonate seeping 
through the limestone, 
above, 


structurally stable cave 
‘changes over a long period 
Of time, Upright stalag- 
‘mites, produced by the 
slow seepage of calcium 
‘carbonate-rich 


above, have built up on 
8 large pile of rock that 
has fallen from the root 


8 Mesolithic man 
lived about 10,000 
years ago. His main 
hunting weapon wa: 
the bow and arrow. 
Other tools that 

have been discovered 
reflect changes in the 
food-gathering pattern 
which included fishing, 
fowling and sealing, 
Canoes were used 
and, in the subarctic 
regions, akis and 
sledges wore made. 

of crops and 
was yet to 
‘come, but the domes- 
tic dog was bred from 
the wolf by the people 
of Mesolithic times. 
They also formed 
large social groups. 


10 Spy 

11 Neandertal 
12 Steinheim 

13 Ginovee 

14 Sipko 

18 Krapina 

16 Gibraltar 

17 Monte Circeo 
18 Kilk Kobe 

19 Mount Carmo! 


sites of Neanderthal 
and related species 


are the Neandertal 
valley. Germany, Spy men ere represented 
jelgium, La Ci by @ number of 
elle-aux-Saints, La races such as Cro. 
Magnons and Pred- 


Moustier, all located 
in France, Monte 
Circeo in Italy, and 
Gibraltar. Finds of 
Neanderthaloids are 


mostians. Man 
an agriculturis 
first appeared in 
the Middle East 
‘about 7500 BC. 


Animal romains are jit 
{ered through the cave. 
‘but are heaped at this 
point because animal 
have fallon through a hole 
felt by a rock fall 


Flock falls can provide a 


8 been 
blocked. Here rock debris 
‘and earth from above 

totally filed the 


Spread of man: 1 


The evidence so far collected by archaeolog- 
ists and palacontologists suggests that the 


radle of mankind was in East Africa about 
five million years ago, when the 
australopithecines evolved. From his begin 


nings there man has spread to populate and 


dominate the world. The speed and extent of 
this dispersa 

two factors: climate 
xploit the advantages 
disadvantages presented by it. For millions of 
years the wanderings of the family 
Hominidae as nomadic hunter-gatherers 
were severely limited by environmental fac 
tors. For without the ability to 


have been largely controlled by 
bility to 


and man’s o 


and overcome the 


shion tools, 


build dwellings or make clothes early man 
ercy of the elements. 


was completely at the 


The tools of survival 
he restraint of ignorance was eventually 
broken — long before the evolution of Homo 
sapiens some 50,000 years ago. Remains of 
Homo erectus (who emerged more than a 
million years ago) found in Europe and Asia 
show that he was eventually able to make the 
mey Africa. More flexible 


away from 


1 The Eastern 
Gravettian culture, 
which flourished 
during the upper 
Palaeolithic (35,000 
000 BC}, is re 
markable for its 


glaciers of Czecho: 
slovakia and south 
ern Russia, an area 
without r 
or tock 


shelters, 
constructed huts 
from movable poles 
sophisticated sol overed with animal 
ution tothe problem —_ skins sewn together. 
of shelter. These The bottom edges of 
peoples, living on hese s 
he edges of t 


weighted dos 


communication within the (which 


immensely expanded the r 


group 


age and effective 

with an 
the factors 
{ficient 
hunter, and thus to follow new game, feed 
more mouths a 


ness of co-operation) together 


‘ovement in tools were amon| 


imj 
that enabled hi 


to become a more ¢ 


d rear larger families 


The discovery of fire by Homo erectus was 


a crucial weapon in man’s fight for survival in 


a harsh environment. The survival of Nean: 


derthal man, a sub-species of Homo sapiens, 
during a glacial phase (an ice age) is 
ment not only to the steadily growing skill of 
early man but also to the importance of fire in 
his life 

Neanderthal man, 
crude clothes from animal skins, used fire as a 
means of warmth. He also devised several 


as well as fashioning 


ingenious ways of trapping animals and 
began co-ordinating groups for hunting 
These people proved themselves well able to 


with their harsh en 


and so 


cope vironment, 
could kind of life 
hominids like the australopithecines would 
not have been al The key 
advance here is that man had begun to create 


live a which earlier 


to cope with. 


soil a8 a protection 
against draughts 
and there may have 


rhinoceros thatmen —b han one 
ich hut as 


hunted. When they 
were forcedtomove _ weil as the communal 
on in the search for hearths outside 
gamethe huts could Th 
ismantled and that surface coal 
transported, The and mammoth tusks 
hut floors were provided fuel for 
scooped out of the i 


moths, the reindeers 
and the occasional 


eis evidence 


his own environment 
how able he bec 
the fact ti 
abundanc 


although no matter 
me he could not overcome 


at climate dictated the type and 
of the flora and fauna he needed 


to eat in order to stay alive 


Migrations during the ice ages 
There is evidence of migration of man into 
Europe from Asia during the early part of the 
Upper Palaeolithic. But it was during a 
warmer period of the last glaciation that the 
Eastern culture of 
flourished [1]. The warmer conditions caused 
4 retreat of the ice sheets and permitted the 
ong the steppe lands of 
between the 


Gravettian Europe 


me 


movement of g 
eastern Europe northern ice 
sheets and the glaciated mountains of the 
south. The mammoth was the staple beast of 
this period (in the same way that the reindeer 
is for the Lapps today), providing meat. skin 
for clothes, ivory 
mighty bones for the framework of shelters 
This phase of migration was brought to an 
abrupt end by the final major advance of the 
ice. Man was now able to combat the cold, 


for carving-tools and 


however, and could adapt his activities to sur 


clothes of the: 
peoples were made 
from skin, much as 


low ditch protected 
by mammoth bones 
and tusks. Included 
inthe graves were 
everyday goods such 
as food, arms and 

lay ornaments. Hunting 
techniques developed 
considerably during 
this period, with 
foliage-covered pits 
being used to trap 


those of the Lapps 
and Eskimos are 
today. Statuettes 
were made from 
and ochre, The 

dead, often painted 
with ochre, were 

buried not far from 
the camp ina shal: 


CONNECTIONS 


Seo also 
Spread of man: 2 
Thefirst men 
modern man 


big game against 
which their weapons 
(primarily blades, 
spears and clubs 
made from bone, 
antlers and flints) 
would have been in: 
effective, Needles, 
spoons, borers 

and end-scrapers 
were the basic 

tools at that time, 


vival under the deteriorating climatic condi- 
tions. The culture of the Magdalenian 
people, for example, resembles that of the 
Eskimos under similar conditions. In the 
manufacture of their many tools and imple- 
ments, they made extensive use of bone 

Once the last retreat of the ice began, man 
was once again able to resume his migration 
northwards. It was once assumed that when 
the reindeer hunters followed the herds 
northwards they left western Europe 
unpopulated, It is now known, however, that 
some peoples stayed behind and that they 
developed the so-called Mesolithic cultures 


After the ice retreated 

The Mesolithic period is characterized not by 
the rigours of an ice-bound existence but by 
the problems of survival as forest cover 
increased. Man was forced to the sides of the 
rivers and lakes, to the sea shore and other 
open locations [2]. The upper Palaeolithic 
tools had to be adapted to new uses — the 
hafted stone axe was developed to fell trees 
and for use in working wood. The Mesolithic 
peoples hunted with bows and arrows, 


2 The forests that 
grew up 
ciers ret 
where they are today 
presented almost 
many difficutties as 
the ice. The new 
environment forced 
man to occupy sites 
on the sides of 
rivers and lakes 
until his technology 


had developed suf, 
ficiently to enable 
him to clear the 
trees. Lepenski 

Vir, a site south 
east of Belgrade in 
Yugoslavia, is typ 
ical of the Meso: 
lithic settlements 
in the Danube basin, 
Discovered in 1960, 
the site appears to 


catching birds and fish as well as the smaller 
animals such as red deer and roe deer that 
lived in the woods. The dog was domesticated 
during Mesolithic times and was undoubtedly 
used in hunting, The rich vegetation of this 
period meant that there were plenty of fruits 
and berries as well as roots to be found. 

Pollen counts from sediments of the time 
show a decrease in tree pollen and an 
increase in herbaceous pollen at a number of 
sites and provide evidence that Mesolithic 
man made clearings, possibly by use of fire, to 
set up temporary camps. With the benefit of 
ice-free seus he also made skin-covered boats 
and dug-out canoes and so began to exploit 
the natural resources of the seas 

It was in the Near East, however, that 
man took the next great step in controlling his 
environment by domesticating plants and 
animals. The introduction of agriculture took 
place in the Neolithic period. The first cities 
also date from this period and from this point 
on the world’s population began to increase 
more rapidly. Trade played its part by 
influencing the movement of peoples and the 
diffusion of ideas between cultures. 


have been built in 
about 5000-4800 BC. 
To achieve level 
foundations the 
houses had to be 
constructed on ter- 
Faces cut into the 
sloping bank of the 
river. They were 
aligned in rows 
with their entrances 
facing the river 


and varied in size 
from 5.5 square 
metres (6.6 sq yds) 
to 30 square metres 
(38.9 sq yds). The 
floors were of hard 
limestone plaster 
covered by a thin 
red or white bur- 
nished surface. The 
hearths with 
houses were ¢ 


Nomadic tribesmen 
cross an arid up: 


gated pits lined 
with limestone 
blocks and were 
often surrounded by 
a pattern of thin 
sandstone blocks. 
These fireplaces 
may have been con 
structed primarily 
to smoke and dry the 
fish that were 
abundant in that 


land plain in Iran 
on the arduous trek 


part of the river 
Lepenski Vir is the 
name of the large 
whirlpool that 
existed at that point 
in the Danube; it 
churned up the 
small organisms on 
which fish feed. The 
inhabitants also 
hunted the red deer, 
aurochs, roe deer 


to find summer pas 
ture in Afghan 


and wild pigs that 
were plentiful on 
the thickly wooded 
hills, Their hunt 

ing methods are not 
known but blocks 
of stone may have 
been used to club 
fish that had been 
landed alive after 
being caught in 
nets and fish traps. 
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Spread of man: 2 


Man is now scattered over the whole earth, 
but he was, in the earliest known stages of his 
development, confined to eastern and 
southern Africa. During the last glacial phase 
Neanderthal man, a sub-species of Homo 
sapiens, began to penetrate the then inhospit- 
able regions of Europe. The real expansion 
began, however, with the evolution of 
modern man (Homo sapiens sapiens) and 
continued in explosive fashion during the 
latter part of the Palacolithic or Old Stone 
Age. Man migrated and colonized whole new 
areas of Africa, Asia and Europe and spread 
to Australia and the Americas (Key, 2]. 


Following the herds 

Those early migrations were not purposeful 
feats of exploration but probably food- 
searching expeditions undertaken by hunter- 
gatherers who had to follow the game if they 
were not to starve, 

‘They took early man surprisingly far 
afield. For many years it was thought that the 
wastes of Siberia had been inhabited only 
recently. However, archaeological investiga- 
tions reveal that man has lived in the area for 
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from Moravia, Bohemia fertiliser, which 


at least 20,000 years. Although barren and 
cold, particularly in winter, the area supports 
the type of plant growth that is ideal for 
grazing animals, It is likely, therefore, that 
man followed the roaming herds to those reg- 
ions. In order to carry out such journeys, man 
needed at least a rudimentary technology: he 
had to be able to clothe himself, build a 
shelter and fashion suitable tools. 


The effects of a changing climate 

The fluctuations of climate during the last 
glacial phase had a profound effect, not only 
on the distribution of animals and plants but 
also on the level of the sea relative to the 
land. During the periods of intense glacia- 
tion, when vast quantities of water were 
frozen, the sea-level was much lower than at 
present. Numerous land bridges were thus 
created and in this way the land called 
Beringia, linking eastern Siberia with Alaska, 
came into existence. 

‘The coastal area was not covered with ice 
at the periods of maximum glaciation. The 
area would certainly have been like today’s 
tundra, with many lakes. Both plants and ani- 
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mals spread from Asia to the Americas, but 
man the hunter would primarily have been 
concerned with following caribou, musk oxen 
and mammoths. 

The earliest diffusion of man into North 
America cannot, as yet, be dated with cer- 
tainty because much of the evidence, if it 
exists, is now below the waters of the Bering 
Strait, But it seems certain that Homo sapiens 
sapiens is the only member of the family of 
man to set foot in the Americas. There is no 
evidence of the presence of Homo erectus or 
even of Neanderthal man. 

Penetration from Beringia into the 
American mainland was impossible at certain 
times because of intervening glaciers, but at 
other times (for example between 20,000 
and 28,000 years ago and 32,000 and 36,000 
years ago) an ice-free corridor would have 
existed between the glaciers of the Rockies 
and the main ice sheet to the east, The way 
through may well have been via the Yukon 
and Mackenzie Rivers. 

The colonization of the Americas 
occurred in a number of waves. These 
intermittent arrivals may be one reason for 
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the great diversity of American Indians now 
found on the continent. If the earliest migra- 
tions of “Palaeo-Indians” began as long as 
35,000 years ago, then those early migrants 
would not have evolved very marked Mon- 
goloid traits. The fact that Indians farther 
south in the continent generally have features 
that are less Mongoloid than those in the 
north, whereas the most recently arrived 
inhabitants, the Eskimos, are the most Mon- 
goloid, tends to support the “wave theory” 

Certainly, once the northern ice barriers 
were penetrated there would have been a 
population explosion in reaction to the plen- 
tiful game and the lack of competitors, 


Migration in the Southern Hemisphere 

Already well established in East Asia, man 
was helped in his migration southwards to 
Australia by a series of land bridges that 
linked many of the islands of Indonesia and 
also attached New Guinea to Australia. The 
first people to reach Australia did so more 


spread out over the continent, possibly 
reaching Tasmania before it became isolated 
from the mainland. 

The inhabitants of Melanesia also have 
ancestors from the Asian mainland as do the 
peoples of the more remote areas of Micro- 
nesia and Polynesia, although there is some 
debate about the Asiatic origins of the 
peoples of Polynesia. 

Africa, the continent that has been inhab- 
ited by the Hominidae for five million years, 
nevertheless presents no clear picture of the 
distribution of Homo sapiens. Recent finds in 
the Omo Valley, Ethiopia, have provided 
evidence of a form that may be ancestral to 
both the neanderthaloid Rhodesian man and 
the Negro-Bushman types. It is not easy to 
relate these finds to the present-day types 
found in Africa, the Negroids, Hottentots 
and Bushmen and the Caucasoids. The last 
are found only in the northern parts and 
spread there from Asia. There are affinities 
between the Negroids and Bushmen. The 
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Family of man: today’s peoples 


The great dispersal that has made man the 
most widely distributed of all species began 
between 40,000 and 50,000 years ago. As he 
moved into different regions he came into 
contact with a wide range of conditions from 
the intense cold of the Arctic to the arid heat 
of the Australian and Kalahari deserts, and 
settled in habitats as different as high moun- 
tain ranges and flat salt marshes, 

To live in these varied environments 
man's body shape, his skin pigmentation and 
probably his physiology altered, giving rise to 
the wide range of human types that exists 
today. Despite this great diversification, 
however, every human belongs to a single 
sub-species, namely Homo sapiens sapiens. 


Three basic human types 

The enormous numbers of anomalies and 
exceptions to every generalization about 
physical types makes classification difficult, 
There do seem, however, to be three major 
forms: Caucasoid, Mongoloid and Negroid 
[Key]. Some of the differences between these 
are easily visible. Mongoloid peoples have 
yellowish skin, straight black hair and dark 


brown eyes which have an epicanthic fold of 
the eyelids. Caucasians have a greater 
pigmentation range; from the very pale- 
skinned individuals of northern latitudes to 
the darker peoples of the Mediterranean, 
Middle East and India. The Negroids have 
dark skin, woolly hair, a protruding lower jaw 
(known as prognathism) and thicker lips. 
Within these main groups there are an infi- 
nite number of subdivisions and some 
anthropologists have given many of these 
small groups separate racial status [2]. 

The Caucasian form is widespread in 
Europe, North Africa, the Middle East and 
India. With the exceptions of the Finns, 
Turks, Basques and Hungarians, they all 
speak Indo-European languages. The range 
of physical form is wide and this has led some 
authorities to divide the group into several 
sub-groups: for example, Nordic, Alpine, 
Mediterranean or Dinaric. The accuracy of 
these divisions is erratic, In one study only 11 
per cent of army conscripts in Sweden, sup- 
posed home of the Nordic type, fitted the typ- 
ical description of fair-haired longheads with 
blue eyes. The term Caucasian, however, still 


serves to describe the light-skinned inhabit- 
ants of an area stretching from India to 
northern Scandinavia, This group, the mem- 
bers of which probably share some common 
ancestry, also spread into Asia and probably 
extended across the Far East to the shores of 
the Pacific Ocean. 


Adapation to a cold climate 
The term Mongoloid includes a large number 
of sub-groups from the Chinese to the 
American Indians. The typical Mongoloid 
face, many anthropologists feel, is an adapta- 
tion to an extreme climate and it has been 
called a “mask against cold". The bones and 
soft tissues of the face have become remod- 
elled to give the greatest protection against 
cold air. The nose is small and low, the eyes 
are protected by a layer of fat in the lids 
(epicanthic fold) and the features ure gener- 
ally flat; all of these adaptations would tend 
to lessen the risk of frostbite 

In the southern Chinese and Japanese 
these changes are less marked than they are 
in the more northern peoples. This may be 
because the northern peoples in Siberia were 
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stranded by the last glaciation and selection 
favoured those individuals with the 
characteristics best suited to the rigorous cli- 
mate; those who lacked them would have 
died from frostbite or pneumonia. This 
theory has also been used to explain the phys- 
ical differences between American Indians 
and Eskimos, The ancestors of the Northern 
and Southern American Indians crossed into 
the Americas before the changes provoked 
by the last glaciation, and the Eskimos, a 
much later migration, came after the Mon- 
goloid facial form had altered. 


‘The peoples of Africa 

The Negroid peoples occupy much of Africa 
south of the Sahara and include the tallest 
and shortest people in the world. The Nilotes 
living in the hot desert regions of the 
Southern Nile Basin are tall and thin with a 
slender physique. This, it has been suggested, 
is the ideal body shape for hot, dry climates as 
it permits rapid heat loss. Farther south in 
central, east and southern Africa, the typical 
Negro is of medium height and heavy build. 
In the Congo are found Pygmy tribes who 
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exhibit very few differences from the typical 
Negro, except in their stature; the maximum 
height of a Pygmy is only 1.38m (4ft 8in). 

The most puzzling of African groups are 
the Bushmen and Hottentots who have been 
classified as a separate racial group. They still 
live a Mesolithic life, using stone tools and 
weapons in a hunter-gatherer economy. 
They have many distinctive features 
including the “click” language and the ability 
of the women to store fat in their buttocks 
(steatopygia). It appears that the Bushmen 
were once more widespread than they are 
today and that they have been driven into 
their present areas by the Bantu expansion 
which started in the second century BC. 

The people of Oceania present their own 
problems as to origin. Many of these, such as 
the Melanesians, are Negroid in appearance 
with dark skins whereas others, such as the 
Polynesians, may have migrated from main- 
land Asia and could contain a Caucasian ele 
ment. The Australian Aborigines seem to 
show variation from north to south and it has 
been suggested that these differences could 
in fact represent two separate racial groups. 
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Family of man: how peoples differ 


Maa has studied the physical differences bet- 
ween the races of his own sub-species Homo 
sapiens sapiens for many centuries. In the 
Past this study did not extend much beyond 
the comparison of measurements of various 
parts of the body and assessments of skin, 
hair and eye colour. Measurement of skulls 
and other bones allowed comparison not only 
between contemporary peoples [1], but also 
between contemporary peoples and those of 
much earlier ages. 


Measuring the human skull 
In modern studies the length and breadth of 
human skulls are measured between specific 
points and these are used to calculate the 
cephalic index (breadth/length x 100). This 
index allows skulls to be divided into three 
groups: long heads (dolichocephalic) have an 
index of less than 75; median heads 
(mesocephalic) are 75-80; and broad heads 
(brachycephalic) more than 80, 

Although it is possible to find all types in 
‘one population, various races tend to have a 
characteristic cephalic index. Most values in 
western Europe lie between 75 and 80, 


whereas in central Europe they are generally 
more than 80 and may even reach 85, Most 
African values are less than 75. Asiatic 
populations usually have indices of more 
than 80, whereas Australian Aborigines have 
values of less than 75. 

The colour of human skin has also been 
used to characterize populations [Key]. Skin 
colour results from the presence of melanin, a 
dark brown pigment found in the epidermis. 
All peoples have the same number of 
melanin-forming cells, but Negroes have 
more granules of melanin in their skin. It is 
thought that the melanin content acts as a 
protection against ultra-violet rays in sun- 
light. The light colour of northern European 
peoples may facilitate the formation of vit- 
amin D by the action of sunlight, since Neg- 
roes living in northern latitudes have been 
found to suffer from rickets, a disease 
resulting from a deficiency of vitamin D. 


‘The human blood groups 

Human blood can be classified into groups by 
various systems that analyse different con- 
stituents. The first such classification - the 


ABO grouping — was discovered in 1900. 
More recently the technique of electro- 
phoresis (the separation of charged particles 
in an electric field) has revealed many 
characteristics that vary from person to 
person. These include variations in haemo- 
globin, red cell enzymes and serum proteins. 

On the ABO system [2], the Oantigen has 
its highest frequency in the indigenous 
populations of the Americas, whereas the A 
antigen occurs more often in Europe, and 
particularly in Anatolia (the region of Euro- 
pean Turkey). The Bantigen increases in fre- 
quency eastwards throughout Europe and is 
also high in India, Other classifications 
include the Rh (Rhesus) blood group system, 
which is determined by the R, gene complex 
Although present in most populations, the 
R, complex is more than 70 per cent in most 
African groups. Rh negatives have an inci- 
dence of about 12 per cent in Europe but are 
virtually absent from Oriental, Oceanic and 
American Indian peoples. 

‘The Duffy blood group system is also of 
interest. The Fy" and Fy’ genes that govern it 
have a similar frequency in Europe, but in 
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New Guinea Fy" is by far the most common. 
Both are, however, almost completely absent 
from Negroes and are replaced by the Fy 
gene, The Diego (Di") gene is found almost 
exclusively in Mongoloids and American 
Indians, The protein and enzyme systems of 
human blood show similar variations. One 
variant, for example, has been found only in 
the peoples of Europe and India, 


ion and survival 
Interest is now moving from using these 
inherited characters in the tracing of racial 
origins and affinities to determining how and 
why such variations may have arisen. One 
fruitful line of enquiry is to investigate 
whether differences of genetic make-up 
endow any positive advantage, such as a 
greater resistance to disease, in a particular 
environment. The only completely proven 
association is that between malaria and the 
abnormal haemoglobin S. 

Haemoglobin S is a variant of normal 
adult haemoglobin; if two recessive genes for 
haemoglobin S (HBS) are present, it causes a 
serious condition called sickle cell anaemia, a 
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disease that is invariably fatal in early child- 
hood. Individuals with only one HbS gene do 
not suffer from the disease and can lead a 
normal life. The HBS gene seems, on this evi- 
dence, to be disadvantageous because it is 
fatal in those who possess it in a double dose. 

In some populations, however, particu- 
larly in Africa, the HbS gene appears fre- 
quently. On investigation it was discovered 
that the distribution of this haemoglobin var- 
iant coincided with that of the malaria para- 
site Plasmodium falciparum. Careful collec- 
tion of data showed that children with a single 
HBS gene were protected from this type of 
malaria whereas those without the abnormal 
haemoglobin were more susceptible to infec- 
tion. The child carrying a single HbS gene is 
therefore at an advantage over those carrying 
either two or none at all. This particular type 
of gene distribution is called balanced poly- 
morphism. 

Geneticists and anthropologists are con- 
tinually searching for similar situations, 
because it is through genetic variations that 
they detect the reasons for the diversity in the 
family of man [3] 
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An introduction to body and mind 


‘The human body ~ even when a mere seven 
weeks after conception [Key] -lis a highly 
complex machine, an apparatus of intricate, 
interlocking systems [1] in which millions of 
vital processes take place. But despite this 
complexity its mechanisms function with 
inimitable efficiency and precision, and its 
basic structure is relatively uncomplicated. 


‘The interaction of body and mind 

While our knowledge of how the body and 
the mind work mechanically is reasonably 
advanced, the way in which they interact to 
produce “the person” remains an unsolved 
puzzle. That the two are not separate and are 
related is obvious from what we now know of 
the psychosomatic diseases. These are phys- 
ical disorders such as hypertension and ulcers 
that are, in part, caused by psychological fac- 
tors, We are also aware that attitudes of mind 
affect the body's susceptibility to attack by 
diseases, But we are far from unravelling the 
extent and complexity of the relationship of 
body and mind ~ indeed almost all current 
research points to the fact that it would seem 
impossible to draw a line clearly between the 
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two. Too little is known for the way in which 
they relate to be controlled or influenced 
with any degree of success. 

What is now better understood is the way 
in which the brain controls the body and how 
changes in body function are achieved to 
maintain optimum working efficiency. Two 
main systems are involved. The first of these 
consists of nerve pathways carrying control- 
ling impulses from the brain to the organs 
themselves. This type of control includes the 
regulation of breathing and heart rate. Cen- 
tres in the brain constantly monitor the 
body's performance and alter breathing and 
heart rates accordingly, 

The second great system, the endocrine 
system, is chemical and makes use of the 
bloodstream. The pituitary gland at the base 
of the brain is its co-ordinator and also pro- 
vides the link between it and the brain. In 
Tesponse either to impulses from the brain or 
to changes in body chemistry, it secretes hor- 
mones into the bloodstream. The hormones, 
flow round the body and cause changes in its 
organs, Many of these changes, such as the 
control of urine secretion, the regulation of 


responsestotheen- _of food, its digestion 
vironment. The diges- and then the absorp- 
tive system is con: tion of its energy- 
cerned with the intake giving and body- 
building substances 
‘The circulatory sys- 


tem’s principal organ, 
the heart, pumps 
blood to every part 

of the body through 
arteries, arterioles 
‘4nd, finally, capill- 
aries. These are con: 
nected to the venules 


digestion and metabolism, the secretion by 
the adrenal gland of hormones to combat 
stress, are important in maintaining life. 


The view of the brain 

The problem of how body and brain interact 
exercised the mind of Hippocrates (c. 460-c. 
377 BC), the most admired physician of the 
ancient world, His insight into brain function 
was remarkable. He wrote: “I hold that the 
brain is the most powerful organ of the 
human body. . . . Eyes, ears, tongue, hands 
and feet act ordance with the discern- 
ment of the brain . . . I assert that the brain is 
the interpreter of consciousness.” This 
‘ight into the nature of conscious- 
ness was forgotten or ignored by later 
philosophers and doctors until the eighteenth 
and nineteenth centuries. 

In the Middle Ages the precise observa- 
tions of the ancients had been lost and 
speculation took their place. Costa de Luca 
(864-923), misinterpreting the work of 
Galen (c.130-c.200) who was, after Hippoc- 
rates, the most distinguished physician of 
antiquity, described the function of the brain 
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as based on a valve action of the movements 
of “Pneuma” between the ventricles 

The idea that messages from the brain 
were conveyed by fluid flowing from the 
ventricles down the nerves to the muscles 
continued until the late eighteenth century 
when Luigi Galvani (1737-98), working in 


Italy, discovered that electricity applied to a 
frog's leg made the muscles twitch 


Recent theories about the brain 

With the coming of the twentieth century 
scientific knowledge of how the body func 
tions increased. The detailed physiology of 
respiration and nutrition and the finer details 
of anatomy and tissue structure came to be 
understood. Charles Scott 
(1857-1952) in his Oxford 
investigated the nervous system and defined 


Sherrington 
laboratories 


in great detail the way in which messages 
flowed to and from the brain. John Hughlings 


Jackson (1835-1911), clinician and phil 


osopher, through observations of patients 
with brain disorders, constructed models of 
the organization of brain function and the 
formation of consciousness, 


Since the 1940s the understanding of 
brain function has been changing rapidly 
The discoveries of the valve amplifier and 
more recently, the transistor have allowed 
detailed nation of cellular activity 
within the brains of both animals and man 
The science of biochemistry has led to under 
standing of the processes that take place deep 
within the cell and has succeeded in defining 
the very nature and make-up of the cell itself 
Present theories about the functioning of the 
nervous system rely heavily on ideas from 
computer technology 


exam 


The brain is now seen as an organ con 
structed to process the vast amount of 
information fed to it by the senses, It then 
constructs a model of the outside world. This 
model is continually updated by incoming 
infc There is little doubt that what 
the brain “sees” depends not only on what is 
fed to it by the senses, but also on how it 


ation, 


wishes to process this information and to 
interpret its own private world. It would seem 
that while most people have a common 
perception of the world, each individual in 
addition has his or her own personal “reality 


2 Human skin is the 
body's first line of 
defence and acts also 
as an organ of excre- 
tion and water reg 
ulation, It protects 
the body from 

many potentially 
dangerous chemical, 
physical and biologi: 
cal substances. It 

is waterproof, en: 
abling the body to 
exist in dry air or be 
immersed in fresh 
or salt water. Within 
the skin, shown here 
magnified 60 times, 
lie touch- and pain. 
sensitive cells and 
hair follictes 


4 The motor cells 
controlling muscle 
movement lie deep 
within the sp 
cord. These cells 
provide the final 
pathway for impulses 
arising in the vol 
untary motor area 

of the brain, Itis 
these that are 
destroyed in polio. 
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5 The villi or finger 
like projections and 
folds of the small 
intestines are seen 
here in cross-section 
They present a large 
area for the absorp: 
tion of nutriments 
from the partially 
digested food reach. 
ing the intestine 
from the stomach, 


3 This cross-section 
through the compact 
bone tissue of a long 
bone shows the concen: 
tric layers of saveral 


/ 


6 Voluntary muscle 
consists of bundles 
of fibres. These are 
divided into bands 
which appear as dark 


Haversian canal sys 


a blood 


Atthe centre 


vessel surrounded by 


bone-forming cell 


scope. They contain 


actin and myosin, 
wo important con 
tractile proteins 
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The nervous system 


The nervous system is the circuit that brings 
our bodies alive, It allows us to perceive the 
world outside and monitor the world within, 
Through its efficiency we can respond and 
react to changes in the environment around. 
us by moving our muscles and co-ordinating 
the actions of our various organs. Without it 
survival would be impossible. 


The structure of the nervous system 

The nervous system can be thought of as a 
number of separate but integrated sections 
that monitor the environment and instigate 
and co-ordinate the body's multiple activities 
[Key]. The central nervous system (CNS) 
consists of the brain and spinal cord {1}. Con- 
nected to it and running throughout the body 
is the peripheral nervous system which has 
two main parts — the somatic or voluntary 
nervous system and the autonomic or 
involuntary system which deals with the 
unconscious control of the body's organs [2]. 
‘The somatic deals largely with awareness of 
sensation and the voluntary control of muscle 
activity. Information is fed into it through the 
sensory nerves from the eyes and ears, taste 


1 Relay to brain 


1 The spinal cordis vous system needs 


made up of numerous careful protection. 
bundles of nerve fib- The brain and spinal 
tes carrying mess- cord are wrapped in 
ages toand from tough membranes 
the brain, The path- called meninges and 
‘ways cross so that bathed in a liquid 
‘sensations fromone _called cerebrospinal 
side of the body reg: fluid. This adds an 
ister in the cortex effective watery 

of the brain on the cushion against jar- 
other side. The ner- ring, as well as aug- 
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buds, balance organs and the millions of con- 
tact, temperature, pressure and pain recep- 
tors in the skin which together make up the 
sense of touch, There are also receptors for 
sensing the degree of tension in muscles and 
tendons and for monitoring blood pressure 
and the levels of oxygen, glucose and carbon 
dioxide in the blood. Motor nerves, 
originating in the CNS, carry information to 
the muscles and in this way initiate move- 
ment. 

The cells or neurons that make up the 
nervous system consist of a cell body, which 
contains the nucleus, and a long tail or exten- 
sion called the axon [4]. On the cell body and 
at the end of the axon are short branches 
called dendrites, Contact between nerve 
cells, from the axon of one to the cell body of 
the next, is established via these dendrites but 
takes places across a small gap called a 
synapse. The nerves of the peripheral system 
consist mainly of axons that run the whole 
length of the nerve (in the leg this distance 
may be as much as one metre [39in]), while 
those of the CNS consist mainly of cell bodies 
with short tracts or bundles of axons. Where 
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bodies form the grey el 
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cell bodies occur outside the CNS, as with 
sensory and autonomic nerves, they are col- 
lected together in groups called ganglia. 


How nerves send their messages 
Although nerves can be thought of as wires or 
telegraph cables carrying messages in the 
form of bursts of electricity, in fact a nerve 
impulse is more complicated than a surge of 
electrons travelling along a copper wire. The 
transmission of an impulse through a living 
cell involves the movement of electrically 
charged particles — ions ~ across, not along, a 
membrane, in this case the wall of the axon, 
At rest (that is, when not conducting 
impulses) a nerve cell is polarized. In other 
words the outside of its membrane bears a 
different electrical charge from the inside. 
This is because of the different concentra- 
tions of sodium and potassium ions within the 
membrane and outside it, Inside is a high 
concentration of potassium and a low 
concentration of sodium while the reverse is 
true outside, When a nerve is stimulated, the 
arrangement of the molecules in the mem- 
brane is altered, allowing potassium ions to 


2 The autonomic ner- 
vous system is made 
of two opposing 
parts; the sympa- 
thetic and the para- 
sympathetic. The 
‘sympathetic system 
prepares the body 
for fight or flight. It 
can limit the blood 


ing the amount of 
blood available for 
cles and limbs. 
The parasympathetic 


carrying messagi 
and from the spinal 


CONNECTIONS: 


Soe also 
How the brain 
works 

Disoases of the 
nervous system 


system conserves re- 
sources and relaxes: 
the body after an 
emergency or for 
sleep. Sympathetic 
nerves [red lines} 
lead from the spinal 
cord to nearby nerve 
chains, the sympa- 
thetic chains of gang- 
lia. The parasym- 
pathetic nerves [blue 
lines] lead directly 


a 
controls the heartbeat. 


c 


adult. The human 
embryo [C] shows 
the same divisions. 


leak out and sodium to leak in. At this 
moment, the nerve membrane becomes 
depolarized and the electrical change causes 
an alteration in the molecular structure of the 
next section of membrane, which in turn 
becomes depolarized. In this way an impulse 
travels rapidly along the nerve fibre. 

Nerve cells are remarkable because they 
can “communicate” with each other. A 
stimulated neuron sends messages, in the 
form of the tiny rapid pulses of the electrical 
activity described, along its axon, the 
synapses linking it to other neurons. The 
electrical impulses cannot themselves jump 
across synapses, but the signal is passed by 
causing the release of a chemical transmitter 
substance that makes the surface of the next 
neuron develop an impulse [5]. 


The role of the nervous system 

Everything we do requires the mediation of 
the nervous system, from the simplest flick of 
a finger to highly co-ordinated, sophisticated 
activities, Some simple responses use only 
particular parts of the nervous system. If 
someone touches something hot, he pulls his 
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e 
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5 Nerve impulses 7 The tendon jerk is 
from a pricked finger _the simplest reflex 
travel tothe brain via action, involving only a 
the spinal cord, but sensory receptor neu- 


because the sensory 


‘and motor nerves con- ron [2]. impulses run- 


ect at synapses inthe ning to and from the 
spinal cord muscles [3] traverse 
_Feflex withdra only one segment of 
‘occurs before the mes- the spinal cord (4), 
This reflex is in- 


dependent of the brain. 


ron [1] and a motor neu- 


hand away quickly. This simple but essential 
response is called a spinal reflex [6], since 
impulses from the sensory nerve endings in 
the skin need reach only the spinal cord to be 
acted upon. Impulses generated within motor 
cells in the spinal cord pass back down the 
motor neurons of the arm and activate the 
muscles that move the hand. This reflex is 
automatic [7] (it can happen during sleep) 
and is unlearned: a baby behaves identically. 
‘The behaviour of very simple animals is 
made up entirely of reflex movements but 
higher animals and man have greater 
freedom of action and can respond in a var- 
to most situations. Reflexes con- 
tinue to be important in emergencies and for 
ies as breathing and bowel 
movements. But most human behaviour falls 
into another category ~ it is voluntary, 
learned and non-reflex. 


iety of wa 


such vital acti 


behaviour is made Possible because the 
nervous system can learn from experience 
and direct its own activities. Since no two 
people have the same range of experiences, 
and no two brains are exactly alike, every 
‘ervois system behaves in a unique way. 


4 The structure of a 
single nerve and myel- 
inated cell fibre is 
shown. [1] Cell body, 
[2] Dendrites conduct- 
ing messages tothe 
coll body. [3] Cell nuc- 
lous, (4 Node of Ran: 
vier, a constriction of 
the myelin sheath, [5] 
Schwann cell nucleus 
=the cell secreting 


Key 
Cerebrum, ‘The nervous system 
anil ae 2 pai is divided into two 
Corebeliue. parts: central and 
Cervical nerves (8 pairs). peripheral. The 


tral nervous system 
(CNS) includes the 
brain and spinal cord, 
Itreceives informa- 
tion, makes decisions 
and transmits instruc- 
tions, The peripheral 
nervous system con- 
sists chiefly of nerve 
fibres leading to and 
from the CNS. It can- 


Spinal cord 
Thoracic nerves (12 pairs). 
Lumbar nerves (Spi). 


Sacral and coccygeal 
(6 pairs), 


There are 12 pairs of 
such nerves radiating 
from the brain and 31 
pairs from the spinal 
cord. The peripheral 
nervous system in- 
cludes the somatic 
‘system, which deals 
with voluntary actions, 
and the autonomic 


This kind of 


matically such 
organs as the heart, 
lungs and intestines. 


5 Nerve impulses are shows a section nstrates the re- 
transmitted by through a termi 18¢ of the chemical 
bioelectricity. Atthe button of anerve cell, transmitter [5] as the 


junction between part contain- nerve impulse 

nerve and muscle jeetyicholine, a reaches the tip of the 
fibres (the motor end chemical transmitter. terminal button. The 
plate) a chemical [3] isthe synaptic gut- transmitter causes 


ysmitter is 
leased from the nerve 
in response to the 
electrical change pro- 
duced when the nerve 
is stimulated. As o re- 
sult, the muscle fibre 
contracts. [A] shows a 
longitudinal section 
through @ motor end 
plate. [1] shows 


ter~a muscle fibra 
membrane greatly 
folded to form a “gut- 
ter” that accommo- 
dates the terminal 
button. [4] is the 
muscle fibre itself ina 


changes inthe 
‘meability of the mus: 
cle fibre membre: 
[0] shows the cor 
tion of muscle fibre 
[6]. The permeability 
change results in an 
altered electrical 
}cross the membr 
stimulating muscle 
fibre contraction, The 


c- 


Nerve cell abouttore- muscle fibre fila- 
ling to- _Jease the chemical ments pull the fibre 
wards its tip. (2) transmitter, [C} de units closer together. 


the myelin sheath (6) 
that insulates the 
axon [7]. The latter 
conducts impulses 
from the call body, [8] 
Nerve fibre. [3] Endo- 
neurium ~inter-fibre 
tissue. [10] Perineur- 
ium, sheathing 

fibre bundles. [11] 
Epineurium sheath- 
ing the nerve [12], 
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How the brain works 


Within the bony protective casing of the skull 
the brain has a shape and surface rather like 
that of a huge walnut kernel, The major part 
of the brain has two symmetrical and linked 
halves with fissures, folds and wrinkles, and is 
covered with thin layers of membrane. 


Anatomy of the brain 

The brain, weighing an average of 1,380gm 
(3b) in a man and 1,250gm (21b 1202) it 
woman, is made up of about 30,000 million 
cells called neurons. Intelligence is thought to 
be related in some way to the complexity of 
the microstructure, the connections between 
its units and its biochemistry. At birth the 
structure of the brain is almost complete, but 
it continues to grow until the age of 20, both 
by increasing the size of individual cells and 
by augmenting the amount of tissue con- 
necting the neurons, which finally makes up 
some 40 per cent of the volume. 

The brain is not a homogeneous mass, but 
has several distinct parts that have developed 
during man’s evolution [1]. The oldest areas, 
responsible for such life-supporting functions 
as breathing, circulation of the blood and 


2 How the brain con- bodily functions. The 
trols the body is principal parts of 
still largely a mys- the brain have been 
tery despite modern moved apart to show 


surgical and labora- 
tory techniques. Part- 
ly because its func- 
tions are interlinked 

in 8 most complex way 
and partly be- 

cause of the difficulties 
of experimenting with 
humans. the brain 
remains very much 
terra incognita. itis 


their appearance and 
relationships, but 

in real life they are 
packed tightly in the 
skull. Optic tracts 
carry stimuli from the 
retina of the eye [1] 

to the occipital lobes. 
The cortex controls 
and senses face move- 
ments [2], and also 


possible to identity hearing [3], Broca’s 
some connections bet- area of the cerebral 
ween certain parts cortex controls 

ofthe brainandsome speech [4). The cortex 
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sleeping, are found at the base of the brain 
joined to the spinal cord, while the more 
recently developed parts are wrapped round 
the older areas. They have many folds and 
thus they have a large surface area in relation 
to their volume. 

The two hemispheres of the cerebrum, 
the major part of the brain, are mirror images 
of each other, each being chiefly concerned 
with movements and sensations of only one 
side of the body. The left hemisphere con- 
trols the right side and vice versa, Complex 
behaviour such as speech is controlled by 
only one of the two hemispheres — in most 
people the left hemisphere ~ which also con- 
trols the dominant hand, the right hand. 
Thus, if a right-handed person suffers a 
stroke affecting the left side of the brain, he 
usually loses the use of the right hand and 
arm and also the power of speech. 


Structure and function 

‘The hemispheres make up 70 per cent of the 
whole brain and nervous system, including 
the nerves of the body. They consist of the 
cortex [5], an outer layer of grey matter sur- 


1 The 30,000 million 
cells of the brain 

are interconnected 
with nerve fibres. 
Asin the rest of the 
nervous system infor- 
‘mation is transmitted 
between the cells in 
coded form as minute 
electrical impulses. 
The nerve fibres ap- 


controls and senses 
neck movements 
{5}. The pituitary con- 


the adrenal glands 
[13] which protect the 
body from stress and 
control body fluid 
chemistry. Hormones 
from the pituitary con- 
trol the kidney’s urine 
secretion [14]. The pit- 
uitary controls the 
testes (15) and ovaries, 
‘The cerebellum con- 


ulates the body's meta- 
bolism. The brain 

stem controls heart 
rate [7] and respira- 
tory rate [8]. The cor- 
tex controls arm move- 
‘ments [9]. The pariet 

al lobe controls judg 


ment of weight, shape trols movement and 
size and feel (10), balance {16}, The pit- 
The cortex controls _uitary controls the 


the trunk [11], The 
brain stem controls 
stomach motion and 


growth of long bones 
(17). The cortex con- 
trols legs and feet (18), 


rounding a thicker layer of white matter 
made up of nerve fibres, and are connected 
by a bundle of fibres, the corpus callosum. 

Beneath the cortex there are the four 
lobes of each hemisphere. The occipital lobe 
at the back of the brain reccives and analyzes 
visual information. The temporal lobes on 
the side of each hemisphere deal with sound. 
Certain vivid auditory and visual sensations 
have also been located here. The frontal 
lobes are mainly concerned with the regula- 
tion of voluntary movements and also have 
something to do with the use of language. 
The prefrontal areas of this lobe are thought 
to have something to do with intellect and 
personality, but their specific functions are 
still unknown. The parietal lobes are mainly 
associated with our sense of touch and 
balance. The senses of taste and smell, poorly 
developed in man compared to other ani: 
mals, are represented by small areas buried in 
the frontal and temporal lobes. 

At the base of the brain is the brain stem, 
in the medulla, which controls essential 
activities such as breathing, coughing and 
heartbeat. Behind and slightly above this is 


pe 


white because the body to the brain, 


isingulated by —_ bringing signals 
tty sheath made about vital internal 

of myelin, whilethe functions and external 
nerve bodies or so a 
which are not myo! ue: 
ated, appear grey i tions are sent ba 
contrast. Bundles of down the spinal cord 
nerve fibres run to regulate the body's 
up the spinal cord reactions to these 


from the rest of 


consists of three dis- 
tinct units of increas- 
ing complexity. The 
hindbrain consists of 
the brain stem [A], 
‘the cerebellum (8) 
and medulla and pons 
[C}. The mid-brain 

is made up of the 
mamillary bodies (0), 


Memory and recall, 


cevrculation 
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the pituitary [E], the 

[Flandthe 

‘hypothalamus (G). At 
id 


e 
in which is 
made up of twin 
structurally similar, 
but functionally dis- 


tinct units~cerebri 
hemispheres. Each of 
those two is divided 
into four lobes: the 
frontal [H], temporal 
1], parietal (J) 


called the corpus 
callosum [L}, 


the cerebellum, which is important for co- 
ordinating bodily movement and for main- 
taining posture and balance. It does not 
initiate movements but is responsible for 
their smooth and balanced execution, for 
maintaining the tension of muscle tone and 
for integrating movemements into a complex 
action such as walking. The two sides of the 
cerebellum are united by the pons. 


Emotional controllers 

Through the brain stem runs the recticular 
formation, a network of fibres carrying the 
sensory pathways from the spinal cord to the 
brain. This diffuse area monitors incoming 
information from the body's sense perceptors 
and regulates the level of response, It is also 
thought to have profound influences on emo- 
tional behaviour [3]. 

In the middle of the brain, grouped round 
the fluid-filled cavities called the ventricles, 
are regions controlling many of our basic 
drives. The hypothalamus controls hunger, 
thirst, temperature, aggression, sex drive 
and, by regulating the activity of the pituitary 
gland, is responsible for controlling the secre- 
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ious functions have, 
at least tentatively, 
are responsible for been associated with 
such functions as ‘specific areas of the 
memory, thought, con- brain [A]. Memory, 
sciousness, judgment, for example, seems to 


‘and personality is be linked with the 
extremely difficult. limbic system. One 
‘Over the past few explanation is that 


ars, however, var- impulses from the sen- 


4 This grotesque that part's activity, 
figure, ahomunculus, The brain clearly 
might also be called —_ assigns importance to 


“sensory man”. tt 
shows the parts of 
the body as they 
appear to th 


tive" in order to assess: 


The physical size an object's weight, 

of wach part is size, texture and rigid- 
related to the size ity. This figure shows 

of the area of the how the brain “sees”, 
brain controlling “feels” and "moves 
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tion of many hormones from other glands 

Looped’ round the hypothalamus is a 
collection of structures forming the limbic 
system — the septum, fornix, amygdala and 
hippocampus, These are thought to be 
involved in emotional responses such as fear 
and aggression and to interact closely to pro- 
duce mood changes, Also in the middle of the 
brain lies the thalamus, a tightly packed 
cluster of nerve cells that relays impulses 
from the sense organs to the cortex. 

The brain normally consumes 20 per cent 
of all the oxygen extracted from the blood. 
Without oxygen, brain cells are damaged 
irreparably and die: the brain has no capacity 
for cell regeneration 

The brain has been likened to a computer, 
but it is an infinitely more complex structure 
and much of its functioning still remains a 
mystery. Although we know to some extent 
what each part of the brain does, it would be 
wrong to think that these parts act indepen- 
dently. The brain works as a highly efficient 
interactive unit, its many parts performing a 
multitude of complex functions that together 
comprise what we know as human life 
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Mind and brain 


Although psychologists, educationists, phil- 
osophers and others cannot agree exactly 
what the mind is, they all acknowledge that 
the more they find out about it the more 
amazing it becomes. It has been said, for 
example, that if mankind wished to use all its 
current resources to build a computer that 
could do everything done by the normal 
human mind, such a computer might have to 
be the size of our planet — and even then 
nobody would know how to program it 


Mind and matter 

Tt was once thought that man was made up of 
mind and matter, matter being something 
that could be seen and felt, occupying space 
and having weight, and mind being sub: 
stance present in a person but taking up no 
space and not able to be weighed, seen or 
touched. During the last two centuries the 
argument went to extremes, some saying that 
the mind did not exist at all and that every- 
thing could be explained in terms of the body, 
and others saying that everything physical 
was an illusion and that the only reality was 
the mind. These arguments have subsided a 


little today, and the most common view sug- 
gests that both mind and body exist, each 
being dependent upon a harmonious interac- 
tion with the other. For convenience, the 
brain is often described as the purely physical 
matter inside the skull, and the mind is 
described as “what the brain does” 

Until quite recently it was thought that 
the larger the brain the more able the mind. 
This view was discarded when the brains of 
deceased people were weighed and no sig- 
nificant correlation was formed between the 
intelligence and mental abilities of the people 
when alive and the size and weight of their 
brains. The next theory was that the number 
of individual brain cells determined the 
ability of the mind. Again it was found that 
variations from the average number of cells 
per brain seemed not tobe closely related toa 
person's mental capacity, 

Possibly the number of permutations and 
combinations of the connections between 
thread-like filaments called dentritic spines 
that branch off from each brain cell deter- 
mine a person's mental ability [2, 3]. The 
average number of connections for a normal 


1 The brain is com- 
posed of two halves, 
the left and right 
hemispheres, and it 
has been thought for 
some time that the 
left hamisphere con. 
trols the right side 
‘of the body and vice 
versa, By recording 
the origin of brain 
waves associated 
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with specific types 
of thought it has 
been indicated more 
recently that each 
hemisphere is also 
responsible for a 
different range of 
mental activities, 

The left hemisphere 
is mainly responsible 
for language, logic, 
analysis, 


human brain is now known to be so enormous 
[Key] that previous estimations of individual 
potential have had to be revised drastically 

According to one estimate, by an Israeli mic- 
robiochemist, there are between 100,000 
and one million different chemical reactions 
taking place every minute in the brain. 


Sleep and dreams 

It has been suggested recently by an 
American psychologist, Robert Ornstein, 
that the two halves of the brain, the left and 
right hemispheres, deal with different mental 
functions, The left side deals with the more 
academic processes, while the right deals 
with the more artistic and imaginative 
activities [1]. Current interest in the activities 
of the right side has led to investigations of 
the more imaginative, rhythmical and col- 
ourful aspects of the mind. 

Much of the work on consciousness has 
involved studies of sleep. Investigation of 
sleep deprivation by John Lilly and his col- 
leagues showed, to the surprise of the 
experimenters, that people seemed to be able 
to make do with very little sleep but suffered 
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brain. Western 
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artistic side of human 
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seems to be a product 
of both sides of the 


Spatial 


to the detriment of the 


1d. An interest: 


potential capacity and ing research side- 
functioning of the line is that when 
brain as both sides of the 
There is - brain are working in 
dence that if both harmony, the body 


of the brain 
\ouraged to co- 
operate, creativity, 
productivity and the 
level of general 
intelligence can be 


works better too. A 
child with jerky 
handwriting concen- 
trating too hard on 
lomic activity 
can achieve a remark- 


able improvement by 
concentrating on col- 
our, while people 
suffering from such 
stress-related ail- 
ments as ulcers and 
backache can gain 
relief apparently 
through co-operation 
between left and 
right hemispheres: 

of the brain. 


if they were not allowed to dream [4]. Those 
who had little sleep and were allowed to 
dream were slightly more irritable than usual 
but otherwise normal. Those who had little 
sleep and who were not allowed to dream 
became, within a few days, very disturbed. A 
number of them began hallucinating during 
the day. In other words, the mind needs to 
dream and if it cannot do so during sleep then 
it has to compensate in waking hours. 

The studies concluded that although the 
normal requirements for sleep vary enorm- 
ously, most people need to exercise their 
creative and imaginative faculties through 
the process of dreaming. Some people, how- 
ever, require little sleep and seldom dream. 

Further work on dreams and imagination 
has shown that rather than being things about 
which people should feel fear and guilt, 
dreams may well be the playground of the 
mind — stories, plays and fantastic shows and 
Panoramas that amuse, educate and some- 
times advise and give warning, The more 
people come to terms with their dreams and 
cease to regard them as irrelevant or 
shameful the more relaxed, creative and 


2 Information is 
transmitted in the 
brain by electrical 


bers of these spines 
[B]. An enlarged dia 


the dendritic spines 
inthe conducting 
cells of the nor. 
vous system. Some 
regions of the cor- 
tex have large num- 


mation from one 
dendrite to another. 
The more of these 
connections there 
are, the gr 
‘mental ability. 


“whole” they may become. Dreams have 
provided inspiration for many works of 
imagination, notably for the poem Kubla 
Khan by Samuel Taylor Coleridge 
(1772-1834), Some stories of Edgar Allan 
Poe (1809-49) were based on his nightmares 
and the artist Salvador Dali (1904~ ) also 
makes use of the landscape of his dreams. 
The German chemist Friedrich Kekulé 
(1829-96) envisaged the cyclical structure of 
the benzene ring in a dream 


Potential of the mind 
Recent research indicates that people may be 
using only a small fraction of their mental 
potential. But with new understanding of the 
way in which the mind works and with the 
beginning of detailed investigation into recall 
Processes, retention, real learning abilities, 
creative processes and general mind/body 
functioning, boundless prospects are opening 
up. It appears from all the evidence available 
that the human brain may be the most ver- 
satile and finely constructed object known. 
Only now are some of the basic elements in 
its design beginning to be recognized. 


3 A brain call is like a 
tiny, multi-tentacied 
octopus, From the 
centre, or nucleus, of 
the cell, the tentacles, 
or dendrites, stretch 
out in all directions 
and on each dendrite 
there are thousands of 


These connect with 
each other to form 


linkage networks be- 
tween the 10 « 10% 


‘may increase the num- 
ber of such connec: 
tions and facilitate 
learning and ability 

to relate tacts and 
understand new ideas, 


4 


Key 


The capacity of the 
human brain can be 
expressed in the num- 
ber of permutations 
and combinations of 
connections of 

which itis capable. 
1974 Soviet os: 


timate put the possible 
figure at one, fol- 
lowed by 10.5 million 
kilometres of noughts. 
This is a number 80 
large that it would 
stretch from the 

Earth to the Moon 


and back more than 
13 times, Such an 
estimate may even 
be conservative as 
itis certain that the 
full potential of 

the mind 
not yet been 


alized, 


4 Depth of sleep 

can be measured by 
the fluctuations 
shown by brainwaves 
throughout the night 
IB], When the waves, 
rise from the deep: 
er lavels, rapid eye 
movements (REM) 
underneath the eye: 
lids of the sleeper 
can be seen (pink 

areas on the graph) 
Sleep studies have 
shown that on 80% 
of the occasions 

when subjects were 
woken up during an 
REM period [Al, they 
gave lengthy nar- 
ratives of their 
dreams. Only seven 
er cent of subjects 


levels of sleep (C) 
could recall any 
dreaming and these 
were only fragmen. 
tary memories 
compared with the 
reports from the 
REM awakenings, 
It'seems clear there- 
fore that dreaming 
's associated with 
REM sleep, On the 
graph, the vertical 
numbers indicate 
stages in the depth 
of sleep and numbers 
on the horizontal 
axis indicate the 
hours of sleep, 
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Memory and recall 


The human memory, much maligned and 
generally thought to be rather inefficient, is 
in fact more sophisticated than any computer 
memory ever devised. Memory can be 
ided into two main parts: retention - the 
ability to store information; and recall — the 
ability to retrieve it again. Studies of the 
human memory reveal that it is excellent at 
storing information but less reliable at recall 
~at least without special practice. 


Experiment, theory and experience 
Researchers approaching the problem from a 
number of different angles have all con- 
cluded that there is much more stored in our 
minds than is generally supposed. A Cana- 
dian neurosurgeon, Wilder Penfield 
(1891-_ ), showed that by stimulating the 
brain electrically he could produce total 
recall of specific events from people's lives. 
Dreams, in which characters and events 
“forgotten” for many years suddenly reap- 
pear in perfect clarity, similarly indicate that 
the information had been stored all the time. 
Another example is the surprise recall of 
events until then forgotten that is often trig- 


processes 
‘may occur through- 
out 


imost the whole 


—notably the hippo- 
campus and the 
mamillary bodi 


132 


gered by a particular smell, colour or sound, 
or by returning to a first school, childhood 
home or once familiar town. 

There are probably different mechanisms 
for “short term” and “long term” memory: 
short term resulting from active brain pro- 
cesses and long term from chemical changes, 
But the physical basis of memory is not yet 
known. One theory is that the astonishing 
storage capacity of the brain is a product of 
the almost limitless combinations of the 
interconnections between brain cells. These 
connections are stimulated by patterns of 
activity; repeated reference to information 
therefore helps recall. It may be that this 
improvement is due to strengthening of the 
chemical bonds involved in memory. 


Remembering and 

Most people find their memory is faulty when 
it comes to recall. The problem is probably 
not an inherent one, however, but seems to 
arise from a misunderstanding of how the 
mind works. Recall can itself be divided into 
two major areas: recall during learning and 
recall after learning, During a learning period 


varies considerably 
as time passes [A], 
Usually, we recall 
mora from the begin- 
ning and end of a 
learning period and 
‘more items that 

are in some way 


the mind, like the body when it is exercised, 
needs periods of activity and rest. If the right 
period of activity is followed by an appro- 


CONNECTIONS 


Seoaiso 
Mind and brain 


Priate rest period, recall performance __Ptenalotine 
improves in detail and speed considerably. Thinking and 


understanding 
How the brain 
works 
Anactiveoldage 


Recall after learning rises for a brief time 
as the information “sinks in", and then it 
drops dramatically [2]. This loss of detail can 
be minimized if certain review techniques are 
combined with periods of activity and rest. 
When reading, recall can be improved, for 
instance, by breaking up learning periods 
into sessions of between 20 and 40 minutes, 
during which notes are made. A ten-minute 
gap is followed by a ten-minute recall period 
allowing everything remembered to be noted 
down and compared with the original notes. 
Memory is reinforced by a two- to four- 
minute review of the same material next day 
and then a two-minute review period during 
the following week. 

Faster reading also improves concentra- 
tion and retention of information, as well as 
allowing more time for revision of important 
passages [4]. Ais to faster reading include 
Practice in rhythmical reading with the help 


linked to each other 
[3] or that stand out 


from the background 
material (2). A 

Period of 20 to 40 min. 
utes seems to maxi- 
mize understanding 
and recall. A proper- 
ly organized review 
programme can pre- 
Vent a rapid declina in 


recall of detail (8), 
Without it, 80 percent ©} 
of the material is usu- 
ally lost within a day. 
Although mental 

ity, includi 


1 x & 4 
1 hour ‘2hours 
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Knowledge retained with review in 
long-term 
memory 
ae a Li 
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= 
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the way the mind itself \ 
‘organizes information. 


form easily recalled 
networks of facts. 
‘Several pages of stan- 
dard notes on the sub- 
ject of geography, for 


sit amet, co 
jusmod tempor incidunt ut lab) 
it enim\ad minim veniam, qui 
boris nisi ut aliquip ex ea com 


instance, can be, 
pressed in singl 


ct pattern. : 
owe i irure dolor in reprehenderit in vo 
folowsonvewerder {illum dolore eu fugiat nulla paria 
a time is prone to rm 


dignissum qui blandit praesent 


molestias excepteur sint occaec 


| 


tal wandering beca 
information is entering 
the mind too slowly. A 
reader who takes in Lf 
several words under- rT 
stands and recalls " 

more because infor- \\ | 
mation enters the 
mind in “whole: 
the way it is stored. 
Advanced reading in- 
volves taking in areas, 
of print that the mind 
“scans”, selecting key 
words that it needs. 


{ a metronome, time tests to encourage 
higher speeds and (contrary to popular 
belief) the use of a finger to follow words and 
eventually blocks or even pages of words 
When making notes, it helps to use a key 
word or phrase to sum 
diverse infor 
brain stores it [3]. Special memory techni- 
mnemonics often use similar 
methods to accentuate the normal recall pro: 
ating or linking ideas [5] 
Recent studies have shown that a person who 


up assemblages of 


ation, since this is how the 


ques called use 


cesses of asso 


can associate ideas in this way will, apart from 

improving his memory 

creative ability 
Much of what we “forget t 


never fully taken in because we have not been 


also improve his 


we have in fs 


concentrating. Many people have consider- 
able difficulty remembering names of people 
they meet, for example. As a result, they 
experience mild fear when meeting new 
people and almost an introduc 
tion situation in which they will forget the 
names. The embarrassment of the imagined 
situation may also cause them to avoid eye 
contact with ose they are meeting and to 


rehearse 


e fas 


5 Mnemonic (mem: 
ory) systems of 
various kinds assist 
recall by organizing 
information into 
Units that are as easy 
to store as possible. images. One form of 
Asimple mnemonic this technique which 
technique istheuse has. a long history is 
of rhyme to learn the placing of 
numbers, dates or bjects in regular 
difficult names. An: order within a well 


other method is to 
associate unfamiliar 
names or facts with 
familiar ones by mak 
ing key words into 
readily ramembered 


give their faces only the most fleeting glance. 
All this behaviour is the opposite of what is 
needed for recall, for we tend to forget any- 
thing that is associated with fear. 


Paying attention 
In order to remember difficult things such as 
People’s names it is necessary to pay atten 
tion, repeat the names and develop or dis 
any associations that they may have. 
This means that during introductions, com- 
plete attention should be paid to the face of 
the other person and any links between out 
standing characteristics of the face and name 
should be made. Sensible repetition of the 
person's name is also helpful. Repetition 
tends to build up a more solid “imprint” of a 
name and will result in a recall of consider- 
ably greater duration. These techniques of 
mental rehearsal, concentration and repiti 
tion can be generally applied to anything an 
individual wishes to commit to memory, We 
are not born with patterns of memory, recall 
and retention that are fixed. It is possible to 
educate the memory in the same way as other 
skills can be developed by practice 
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key 


The complexity of 
the human memory 
has been under 
estimated just as 
the scale of the uni 


ae 


yor mp) i 


———— pen 


is i‘ rs 


ft it sO 
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known scene. To 
recall the objects, 

the mnemonist moves 
through the scene 


Aique is a scone that 
might be used to re. 
member characters 
of the nursery 
‘seeing’ the objects rhyme "The House 
ashecomestothom, That Jack Bu 
Often where abstract The characters are 
things have to be placed in order for the 
remembered, a visual —mnemonist to come 
interpretation will across as ho weaves 
be used, A simple his set path through 
example of the tech the mental scene he 


has constructed, The 
final verse of the 
nursery tale (which 
is already arranged 
in a mnemonic rhym: 
ing system) is: 

This is the farmer 
sowing his corn that 
kept the cock that 
crowed in the morn 
that waked the priest 
all shaven and shorn 


verse was once under 
mated, The more 
each is explored, 

the vaster it be- 
comes. Like the astro- 


that married the man 
all tattered and torn 
that kissed the maid. 
enall forlorn that 
milked the cow with 
the crumpled horn 
that tossed the dog 
that worried the cat 
that killed the rat 
that ate the malt 
that lay in the house 
1 Jack built 


nomer, the psycho. 
logist is 
using terms such as 
limitless” to des: 
cribe memory. 


1 Farmer 
2 Corn 
3 Cock 
4 Prie 
5 Ma 
8 Maiden 
7 Cow 
8 Dog 
9 Cat 

10 Rat 

11 Malt 

12 House 

13 Jack 


reasingly 
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Potential of the mind 


The most intriguing fields of research into the 
potential of the mind [Key] are concerned 
with perception, vision, illusions, hallucina- 
tions and controversial __ paranormal 
phenomena such as telepathy and extrasen- 
sory perception, 

The sense organs are stimulated by var- 
ious types of physical energy: the eyes by 
electromagnetic wavelengths; the ears by 
mechanical vibrations; the nose and tongue 
by chemicals; and the skin by combinations 
of pressure and temperature, Perception is 
the translation of such sensory stimuli, sig- 
nalled by nerve impulses, into an organized 
picture of the world. 


‘The problems of perception 

Interest in the problems of perception is 
shared between philosophers, physiologists 
and psychologists. Philosophers ask ques- 
tions about whether things exist indepen- 
dently of our experience of them and how we 
can test the truth or validity of our observa- 
tions, Physiologists are concerned with the 
mechanisms of the nervous system, while 
psychologists are more interested in the pro- 


cesses relating to learning and knowledge of 
perception. Illusions and errors are impor 

tant to them. When we judge something to be 
a certain size, for instance, is it actually that 
size? And if there is a discrepancy between 
the actual and the perceived, how does that 
discrepancy arise? Mlusions occur if the 
physiological mechanisms are upset or if 
there is a misapplication of knowledge 

Some psychologists, such as the so-called 
“atomists”, believe that we perceive in units 
of simple sensations ~ such as dots, lines, col- 
ours and so on —and from these simple sens: 
tions we construct a face or a tree or a house. 
Opposed to this view are the “constructional- 
ists” who think of even basic sensations, such 
as coloured patches, as being derived from 
neurological processes of which we have no 
consciousness. 

Recent theories of perception do not 
regard experience as primary. Sensations of 
colour, or of shape of objects, are derived 
from physical stimuli coded by the nervous 
system and “read” ~ rather as a message is 
read from the dots and dashes of the Morse 
code, Physiologists have found out a great 


2 Proximity [A] and 
similarity (8) ara two 
‘examples of the prin 
ciples put forward by 
Gestalt psychologists 
to explain the organ: 
ization of our per. 
ceptions. [A] The 
horizontal distance 
between the dots is 


information a picture 
may contain and still 
be recognizable 
Shown is a portrait 
of Abraham Lincoln 


2A 8 


deal about the form of the neural code ~ 
trains of electrical impulses - by which the 
world of objects is signalled to the brain. In 
1958 two American physiologists, David 
Hubel and Torsten Wiesel, reported that 
neural cells in the brain’s striate cortex of a 
particular orientation respond to lines of a 
different orientation. The detailed mechan- 
isms of feature recognition are thus begin- 
ning to be understood in physiological terms 
— but how these neural signals are “read” to 
give perception remains largely mysterious. 


Gestalt theories of perception 

‘The Gestalt psychologists of the 1920s and 
1930s, such as Kurt Koffka (1886-1941) and 
Wolfgang Kohler (1887-1967), held that we 
see organized wholes or configurations (Ges- 
alten). These are made up of simple sensa- 
tions but the whole is more important than 
the sum of its parts, Patterns are more impor- 
tant than the elements of those patterns. We 
“see” dots but perceive a dotted line, They 
also postulated a variety of principles of 
organization that govern our perceptions. 
The most general of these, called Prignanz 


greaterthanthever- 34 


tical distance. As a 
result, the dots are 
perceived as vertical 
columns, [8] The 
dots are equally 
Spaced, but because 


c 


4s vertical columns, 
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4 The mind adjusts 
size to apparent dis- 
tance. The moon thus 
looks smaller on a 
near horizon [A] than 
ona far one [8] as 
the observer makes: 
a bigger enlargement 
of the same retinal 
image [RI in his mind, 
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3 Optical illusions 
arise from tricks 

of perception which 
occur either in the 
retina of the eye 

elf or at the 
higher cognitive 
levels of the brain, 
[A] The bright 
white triangle which 


5 A reversal offect 
can occur when in: 
formation about 
foreground and back 
ground is ambiguous. 
The picture [A] may 
first appear to be 

a vase [B] but may 
then begin to look 
like two faces [C) 


6 Colour 
duct of the mind's 
response to varying 


reaching the eye. 
rather than a prop: 
erty of objects them- 
selves. Perception 
can be changed in 
the process of adap. 
ting to sudden 
changes of colour or 


seems to overlap 
the dark circles and 
V-shaped lines is 
an illusion. (B} 
The central lines in 
both arrows are the 
‘same length, though 
the bottom one 
‘appears to be dis- 
tinctly the shorter 


The central colour in 
ach pair of pictures 
is of the same shade 


loft as itis on the right, 
for instance, but the 
surrounding colour 
fools perception and 
produces the illusion 
of slight differences 

in the central hues. 


(exactness), states that the particular per- 
ceived whole will be as good as circumstances 
allow. “Good’, in this context, does not have 
one all-embracing definition but is rather a 
series of qualities such as unity, simplicity, 
symmetry, regularity, proximity and simi- 
larity [2]. These principles govern what we 
see from the mozaic of stimuli at the eye. 
The Gestalt psychologists believed that 
perceptions are organized into the (usually 
simple) shapes of objects by electrical “brain 
fields” that tend towards simple shapes, 
rather as bubbles are spherical because this is 
their most physically stable form. These Ges- 
talt “brain fields”, as little pictures or models 
in the brain, have now, however, been aban- 
doned. Their laws of organization may just as 
easily be the result of computerlike rules, by 
which sensory signals are accepted, rejected 
and modified to serve as data for perception 
For example, similar dots close together are 
likely to be the edge of an object and are 
accepted as belonging together because they 
probably are part of a single object. We see 
these groupings in arrays of dots, because 
such rule-following generally leads to 


8 Cinematic tech- 
nique relies on bi ing two lights on 
visual processes to and off in close suc- 
create the illusion of —_cession, They appear 
movement. Pictures as a single moving 
of objects in differ light because the 

ent spatial relation: image persists on the 
ships [A]canbeseen _retina for several 

as moving because seconds. The shutter 
of persistence of ofa cinema projector 
vision. In the labor {B}, by cutting out 
atory this is simul light between frames, 


ated [C] by switch: 


appropriate perception of objects from the 
patterns of stimulation they cause at the 
receptors. 

It is now believed that a complex mixture 
of innate knowledge and data-processing 
tules underlies perception, though there is 
disagreement about the relative importance 
of these two elements. Research on human 
infants certainly indicates that they are born 
with an innate perceptual framework since 
they can discriminate even in the first few 
days of life between complex stimuli 


Differences between individuals 

Finally, it must be stressed that there are 
many differences between individuals, 
according to their age, culture, expectations 
and motives, These include the fact that 
susceptibility to some types of illusion 
increases with age, while that to others 
decreases; that an Eskimo will have many 
more words for “white” than someone who is 
not always surrounded by snow; and that 
literal mistakes in type are often difficult to 
see because we gloss over what is actually 
Printed and perceive what we expect to see 


7 After-images can 
produce strong vis- 
ual effects in the 
mind. Stare intently 
at the centre of the 
flag for 40 seconds, 
Then look at a blank 
white area where the 
flag will be seen 

in its true colours. 


9 Changes in percep- 
tion seem to occur 
when stimulation to 
the brain is reduced 
toa minimum. Ina 
watery, stimulation. 
free environment de. 
igned for research 
in sensory depriva. 
tion, subjects re- 
ported strong halluci 
nations. Some also 
experienced changes 
in their mental 
image of their own 
bodies; arms felt 
disconnected from 
the body and the 
body actually seemed 
to change shape, 
becoming larger, 
smaller or distor 

ted, Some subjects 
also experienced aud. 
itory imagery, hear. 
ing music, buzz-sawa 
and the chirping of 
birds. thas been 
Suggested that these 
changes in perception 
show that minds need 
some form of mean 
ingful contact with 
the environment. 


causes visual fusi 
of images with no. 
flicker. This can 
also be shown in the 
laboratory by switch: 
ing a light on and 
off [D]. At about 70 
flashes per second 
it ceases to appear 
to be flashing and 
seems instead to 
be a steady light. 
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Five senses wore 
thought to be man’s 
equipment for ex. 
Periencing the world 
Sight, hearing and bal 
ance, taste, smell, and 
touch, which includes 


the perception of heat 
and cold. itis now 

thought that we have 
‘more than five, includ. 
ing senses of time, 

direction and motion. 
Other senses, such as 


the ability to respond 
to magnetic and elec- 
trical waves, may lie 
undeveloped. Shown 
here are skills tenta 

tively associated with 
various brain are; 
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Sight and perception 


Sight is one of man’s principal means of inter- 
Preting the world about him. Its instruments 
are the eyes, which form in the embryo as two 
“buds” from the brain. It is in the brain that 
nerve impules from images taken in by the 
eyes are decoded to give vision. 


‘The anatomy of the eye 

Some parts of the eye are directly involved 
with receiving light, whereas others protect 
delicate structures [Key]. The protective cle- 
ments include the eyelids, which are fringed 
with eyelashes — coarse dust-collecting hairs. 
The eyebrows, above the lids, may help 
vent sweat from running into the eyes. Lining 
each lid is the conjunctiva, a transparent 
membrane that loops back to cover the front 
of the eye. Its low-friction surfaces help the 
lids to open and close easily and, more impor- 
tant, protect the front of the eye. Under the 
eyelids are the lacrimal, or tear-producing, 
glands. Tears, which wash away foreign parti- 
cles and kill bacteria, are continually secreted 
‘on to the conjunctiva through 12 ducts and 
are normally removed through two canals in 
the nasal comer of each eye. 


1 Focusing of ight flat. Rays fro 

rays from distant ob- near object (8) are 
Jocts [A] is mainly bent by a thick len: 
done by the cornea Produced when 

with little help trom sments slacker 

the lens, Cili ciliary muscles 
muscles encircling tract. This process, 
the lens relax and which is called accom- 
stretch ligament modation, is essential 


for sharp focusing, 


Ce 
rectus (1] moves it 
away from the mid- 
line of the body and 
is thus in opposition 
to the medial rectus 
[2], which moves it 
towards the midline. 
The superior rectus 
{3] and inferior 


The outer coating of the eyeball is the the eye its colour [9]. The pupil, a circular 
sclera, the tough, fibrous white of the eye. opening in the iris, controls the entry of light, 
The sclera provides attachment for the six for itcan change in diameter, by reflex action, 
extrinsic muscles [6] that move the eyeball, from 1 to 8mm (0.04 to 0.32in) [3]. The irisis 
maintains eyeball shape and guards delicate _ smallest in bright light, largest in dim light. It 
inner layers. At the front itis transparent, to closes down for near vision, increasing the 
allow the entry of light. This is called the depth of field and in some conditions 
cornea and is the most important part of the _ increasing sharpness of vision (acuity). 
eye for giving the focused image. The central 


canal joins the lens to the blindspot; it is 
essential in pre-natal development, when it 
carries blood to the lens. Lining the inside of 
the eyeball is the choroid. Towards the front 


Light-sensitive cells 

After penetrating the lens light passes 
through the vitreous humour, the clear jelly 
filling the eyeball behind the lens. It then falls 


of the eye the choroid becomes the ciliary on the retina which contains light-sensitive 
body. The muscles of the ciliary body also photoreceptor cells, the rods and cones [4]. 


suspend and alter the shape of the lens, a 
tough biconvex structure made of an elastic 
capsule filled with fribrous tissue that adjusts 
the focusing, or “accommodates” [1]. By 
muscular contraction the lens is made thicker 
for near vision to give maximum focusing 
power and is thinnest when a distant object is 


The 125 million rods are responsible for 
recognizing light and dark, whereas the seven 
million cones are responsible for colour 
vision. The rods are most numerous towards 
the edges of the retina, and the cones are 
concentrated at the centre, where they are 
clustered in the fovea, the small area in which 


being viewed. 


The lens lies behind the iris, 
muscular continuation of the choroid which, 


vision is most acute. 
The rods and cones contain visual pig- 
ments whose structure is altered by light. Asa 


coloured, 


according to inherited characteristics, gives result nerve impulses are generated which 


2 Light rays from a 
point on an object 
are received by the 
temporal zone of one 
eye{1] and the nasal 
zone of the other (2). 
The impulses from 
each, some of which 
“cross over” at the 
optic chiasma in the 


4 Light rays (1) fall- 
ing on the eye pa 
through optic nerve fib- 
08 [2], ganglia (3] and 
bipolar nerve colls (4) 
before reaching the 
rods [5] and cones 
(6), the eye's photo- 
found 


18 [orange], con- 
cerned with colour vis- 
ion, are concentrated 
in the middle, forming 
the fovea [8]. Rods 
[greenl, effective in 
black and white, are 
mostly on the periph- 
ery. The ratio of 
rods to cones is 18:1. 


oblique [4] move it 
upwards, while the 
‘superior oblique [6] 
and the inferior 

rectus [6] move it 
downwards. The 
movements of the eye 
are important in per- 
ception, for they en- 
sure that a “fresh” 
image is constantly 
Presented to the retina, 


brain [3], then arrive 3 
at the opposite side 
of the brain and can 


& 


{sin this way that 5 
we perceive objects 

in terms of their 

height, width, 

depth and colour. 


8 The visual field (1) is, 
here divided into four 
colours. That of each 
is dis- 
similar but overlaps 
(2.31.71 
the sid 
[4] as it falls on the 
edges of the retina. 
The clearest image is 
formed at the fovea 
[5]. Information from 
the retina is taken by 
ic nerve fibres 
[6] to the chiasma 
(71 where “crossing 
over” takes place. 
‘The fibres leave the 
chiasma and form the 


t 
eral geniculate body 
[9]. The visual cortex 

In the right hemisphere 
[10} receives infor- 
mation from the right 
side of each eye (the 
left side of the visual 
field), and the left 
hemisphere [11] re- 
cieves information from (77 
the left side of each 
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Potwotiat of the 
mind 

How the brain 
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3 Pupil size changes 
according to the 
amount of light. In 
bright conditions [4] 
light striking the calls 
of the retina [1] stim- 
ulates impulses to 
the brain stem [2] and 
brain centres (3), 
which cause the pup- 
Wary muscles [4] to 
contract. Radial mus- 
cles [5] also stretch 
and the pupil closes 
by reflex action to 
protect the delicate 
retina. In dull light 
[8] the muscles con- 
tract less, thus 
allowing more light 
through the pupil. 


pass to the brain for interpretation as vision 
‘The pigment in the rods is called visual purple 
or rhodopsin, and light splits it into retinene 
and opsin. The cones are of three kinds - 
“red”, “green” and “blue” - and respond to 
light of those colours. The broad range of 
tints that we perceive results from “mixing” 
of the three primary colours [5]. The cones 
provide precise vision in daytime, but are of 
little use at night or in dim light. 

Both the rods and the cones are con- 
nected with ganglion cells and these give rise 
to one million nerve fibres which leave the 
eye at the optic nerve. At this junction, the 
blind spot, the eye detects nothing. The 
nerves from each eye lead, after “relay” sta- 
tions, to the occipital lobe of the cerebral 
cortex at the back of the brain. Optic nerve 
fibres are so arranged that impulses from the 
left side of the visual field of each eye travel 
to the right side of the brain and vice versa. 
Crossing over takes place at the optic 
chiasma situated behind the eyes. Informa- 
tion from each eye is combined by the brain 
to create stereoscopic vision. 

Eye movements are vital for perception. 


The eyes follow moving objects smoothly; 
but move in saccadic jerks to select regions of 
interest and to prevent adaptation of the 
receptors by continuous stimulation. 


‘The process of perception 

Vision results from the stimulation of nerve 
cells in the retina, signalling patterns of light 
intensity and colour, which are “decoded” by 
the brain to give perception of separate 
objects. The most remarkable feature of 
perception is its ability to convert continuous 
patterns of energy at the receptors into indi- 
vidual objects and events, in space and time, 
all from the same kinds of pulses of electricity 
running along nerve fibres. 

Edges ~ contours ~ are very important to 
perception. Orientations of contours stimu- 
late “feature detectors” in the striate cortex. 
Orientations, angles and movement are re- 
presented separately, by feature detectors 
“tuned” to these characteristics. Combina- 
tions of these signalled characteristics are 
then put together to form our perceptions of 
objects. This also requires a great deal of 
experience, stored in the memory. 


+ 


8 
A 


9 Iris pigments, and 
hence eye colour, a 
inherited. In humans 
the brown gene is 
dominant over the 
blue. A man [1] with 
two genes for brown 
and 3 woman (2) 
carrying two genes for 
blue will bear brown- 


7 Normal vision de- 
pends on the refract- 

ive, or light-bending, 
power of the eye and 
eyeball. Where no de- 
fect exists, light rays 
entering the eye focus 
clearly on the retina, 
Myopia [Al, or near 
sightedness, occurs 
when the refractive 
power of the eye is too 


strong or when the 


Aconcave lens is 
needed [8]. Long- 
sightedness (C] is due 
to weak refractive 
power or a flattened 


‘eyeball. The image 
“forms” behind the ret- 
ina. A convex lens [0] 


is needed. in astigma- 
tism [E], which occurs 
in several forms, re- 
fraction is unequal for 
different orientations 
due to unequal curva. 
ture of the eye in diff 
‘ent planes, resulting in 
distorted vision. This 
can be corrected with 
astigmat- 
lenses. 


Key 
Ciliary muscle 


Sclora 


Aqueous humour 


"Blind spot” 
Vitreous humour 


Conjunctiva. Contral canal — 


8 Colour blindness, of 
which there are two 


basic types, mei 
that the individual is, 
unable to tell all col- 
‘ours apart. Normal 
vision [A] requires 
rod, blue and green to 
reproduce all the hues 
of the spectrum. Most 
colour blind people 
can see only two basic 
colours and tend to 
confuse others, This 

is called dichromatic 
vision, The most com- 
mon version of this 

is the contusion of 
reds and greens [8] 
but a few people con- 
fuse blue and yellow 
(C}, Total colour blind- 
ness or achrom: 
le vision [D] is the 
rarest defect. In this 
the world becomes 
nothing but shades of 
black and white. Ap- 
proximately 4 per cent 
of men are colour 
blind compared to 0.5 
per cant of women, 


eyed children 3}. 104 
Browned-eyed parents 
[41 carrying the reces- 
sive ganes for blue 
‘eyes produce on aver- 
age one blue-eyed 
child to three brown- 
eyed, Two blue-eyed 
parents will produce 
blue-eyed children 


10 Contact lenses are 
made of hard or soft 


14 Cataracts, cloudy 
changes in the 
may hinder vision 

badly, depending on 


plastic, glass or 
glass-plastic laminat 


ind flost onthe sur- _theirsize and shape. 
face oftheeye.Two — Shown is the normal 
types are the small lens [A] compared to 
corneal [A] and the two different cataracts, 
scleral [8] covering __the cortical [8] and 


the front of the eyeball, dense nuclear [C} 
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Hearing and balance 


The ear is concerned not only with hearing 
but also with posture and balance. The visible 
ear flap or pinna, consisting of skin and car- 
tilage, and the auditory canal that it guards 
are known as the outer ear [Key], The canal is 
protected by hairs and modified sweat glands 
that secrete wax or cerumen. These trap 
potentially harmful particles and bacteria. 
For protection the delicate mechanisms 
of the ear are set deep inside the bone of the 
skull. At the end of the auditory canal lies the 
eardrum or tympanic membrane. On the 
other side is the cavity of the middle ear 
which communicates with the back of the 
throat through a canal known as the Eusta- 
chian tube. This opens into the nose and 
throat and provides a complementary flow of 
air from the inside to match the pressure of 
air from the outside of the eardrum. This is 
most dramatically demonstrated if a sudden 
change in external air pressure — exper 
enced, for instance, in an aircraft ~ causes 
“popping’” of the ears and momentary deaf- 
ness, Swallowing opens the tube and restores 
the balance. Another important function of 
the Eustachian tube is the replacement of 


1 


1 Sound waves (1) 
first strike the ear. 
drum [2} and are trans: 
ferred to the inner 

[7] by vibrations of 
the hammer (3), anvit 
[5] and stirrup [6]. 
These tiny bones or 
ossicles aro held in 
place by ligaments [4], 


4 The inner ear con- 
tains five chambers fill: 
ed with fluid ~ the three 
semicircular canals, 
the sacculus and the 
utriculus. These all 
contain receptor cells 
[1] which monitor head 
movement and relay 
this information along 
nerves [2] to the brain. 
The semicircular 
canals [3] are set 

at right angles to each 
other and can there- 
fore monitor angular 
movement of the head 
in any direction, At 
the base of each canal 
is a chamber, the am- 
pulla [4], which con- 
tains sensory recep- 
tors. The utriculus 

{5] and the sacculus 
[6] are interconnected 
and also contain sensi 
tive receptors. These 
register the position of 
the head with respect 
to gravity and thus 


allow us to know, even 
with our eyes closed, if 
we are standing on 


‘our he 
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‘or our feet, 


‘oxygen used by the cells lining the middle ear 

Across the cavity of the middle ear, 
linking the eardrums with the inner ear, there 
are small bones, the malleus or hammer, the 
incus or anvil, and the stapes or stirrup, 
collectively known as the auditory ossicles 
[1]. These, the smallest bones in the body, 
transmit the vibrations of the eardrum to a 
membrane, the oval window, that closes off 
the inner ear. Inside the inner ear is a fluid- 
filled coiled tube, resembling a snail's shell, 
called the cochlea [2]. Here the vibrations are 
converted to nerve impulses that the brain 
perceives as sound. 


How sound reaches the brain 
Sound is wave-like vibrations of air and it has 
the qualities of amplitude (the size of the 
waves) and of frequency (the number of 
vibrations that occur every second). If a 
sound is loud then it has a large amplitude, 
and the higher the pitch of a note the greater 
the frequency. Most people can detect 
sounds that have a frequency of between 20 
and 20,000 hertz (cycles per second) [9] 

The pinna not only protects the ear but 


2 Waves pass through 
the cochlea [1] from 
the oval (2) to the 


round window (3). 
High frequencies acti- 
vate only the base (4) 


also serves to direct sound into the auditory 
canal, Sound waves pass along the canal and 
vibrate the eardrum. The ossicles respond to 
the movements of the eardrum and, acting as 
a series of levers, magnify the intensity of the 
vibration more than 20 times, although 
leaving its frequency unchanged. The stirrup 
passes vibrations to the fluid in the cochlea 
through the oval window. 

The cochlea is divided into two cavities by 
the basilar membrane, running the length of 
which is a complex structure called the organ 
of Corti [3, 8}. Sound waves travelling 
through the fluid along the membrane cause 
the sensitive cells of the organ of Corti to vib- 
rate. High notes cause the basilar membrane 
to vibrate only at its lower end, low notes set 
the whole of the membrane into activity. A 
complex of more than 30,000 separate nerve 
fibres carry the information to the brain 

The intensity of sound, determined by the 
amplitude of the wave, is measured in deci- 
bles (4B). A barely audible whisper is about 
204B, ordinary conversation 604B and a jet 
aircraft at take-off 1404B. Prolonged expo- 
sure to noise above 90dB can lead to tem- 


3 Compartments 
filled with thuid (1) 
in the cochi 
travelling 
As these pi 
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How the brain 
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along the basilar 
membrane [3] they 
activate the sensory 
cells [4] inthe 
organ of Corti [5]. 


5 The position of 
the semicircular 
the utriculus 


Balance also relies 
on vision, stimuli 
from the position 


Sensors of limbs and 
on ceils in the 
soles of the feet. 


is defective and not 
sending adequate sig. 
nals to the brain, 

the other senses can 
maintain equilibrium, 


6 Body movement is 
detected by the 


semicircular canals 
bends the hairs of 
its receptors. The 
canals are position- 
ed in three planes, 
‘so that any move- 
ment will affect 

the fluid in at 

least one of them, 


hair cells which 
include small stones” 
of calcium carbonate, 
otoliths. When the 
head is upright, 
otoliths press on 
particular nerve 
receptors. When the 
head tilts, they 

press on others, 


porary deafness. Intensive noise —above 100 
dB ~can cause permanent damage 


Deafness and other hearing defects 
Of the two main types of deafness, the 
conductive form occurs where there is 
interference with the passage of sound en 
route to the inner ear. This may be caused by a 
blockage of the auditory canal (often by 
wax), perforation of the eardrum, fluid, 
inflammation or abscess in the middle ear, or 
defective growth of one or other of the three 
bones in the middle ear. Probably more 
common is perceptive or sensorineural deaf- 
ness, which is caused by damage to or incom- 
plete development of the inner ear. Apart 
from congenital malfunction, this is brought 
about by disease, head injuries, virus infec- 
tions, prolonged exposure to loud noise, or 
simply ageing [10] 


The sense of balance 

In addition to the cochlea, the inner ear also 
contains three fluid-filled canals, the semi- 
circular canals and two other chambers, the 
utriculus and sacculus (4, 5], These struc- 


tures, which function separately from the 
hearing mechanism, are concerned with 
balance and postur 

The three semi-circular canals are set at 
right angles to each other and are thus able to 
detect movements of the head in any par- 
ticular plane. At the ends of the semicircular 
canals are chambers that contain tufts of hair 
supplied with nerve fibres. Any movement of 
the head sets the fluid swirling through one or 
more canals. This moves the hairs whose 
nerves tell the brain the body’s position [6]. 

The utriculus and sacculus are the means 
by which we are able to detect changes in the 
posture of the body relative to gravity. Like 
the semicircular canals, these two chambers 
contain tufts of hair connected to nerves. The 
hairs are surrounded by a jelly-like substance 
containing minute crystals of calcium carbo- 
nate, called otoliths [7] 

As the crystals move under the influence 
of gravity, they stimulate the hairs which 
trigger nerve impulses to the brain. Here the 
information from all these balance organs is 
integrated with nerve impulses from the eyes 
to monitor the body’s posture. 


Key 


‘The outer ear [1] col- 
lects sound waves and e (5) Fain, 
directs them to the ear- “Movement of fluid in 
drum [21. Its vibr: the semicircular 
tions are transferred canals, the sacculus 
bythree bones (3]to and utriculus (6) 

the cochlea [4]. From —_is responsible for 
here, impulses run the sense of balance. 


along the 


Receptor cell hairs embedded in tectorlal membrane above (not shown) 
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elling waves in the 
fluid to gener 
impulses int 
associated nerve 
fibres. The tips of 
the receptor cell 


Supporting celts 


in the gelatinous 


Basilar membrane 
tectorial membrane. 


Auditory nerve 


‘9 The human ear can 
respond to freq) Re 
cies between 20 and z 
20,000 hertz (cycles = 
we 
4 
ne 


Mi 
instruments have both 
the range of notes that 


be played and s 
the overtones (fine r 
lines) that 


10 Human hearing 2 
deteriorates fromthe” 
late teens on. High 
frequency response 

\s lost, so that the old 

May miss the treble 

notes on a piano. 


10 
Age in yours 


30-40-60) 6070 


Touch, pain and temperature 


Amid the wealth of information that is con- 
stantly fed to the brain is a stream of mes- 
Sages about the sensations of touch, pressure 
and temperature. These stimuli, which often 
demand minor adjustments in our everyday 
lives, originate in the skin, the body's main 
contact with the outside world. It is in the 
skin, therefore (and in the mucous mem- 
brane, such as that lining the mouth and 
vagina, that is a modification of surface skin), 
that some of the body's most sophisticated 
sensory equipment is located. 


‘Types of receptors 

Physical sensations are detected by sensory 
receptors ~ specialized nerve extremities that 
respond best ( but not exclusively) to a par- 
ticular type of stimulus. In the skin these 
include mechanoreceptors that are involved 
in detecting touch [2] and pressure [3], and 
thermoreceptors for sensations of heat and 
cold [5]. Itch, tickle and vibration have no 
specific nerve endings of their own; itching is 
caused by mild stimulation of the pain 
receptor, tickle is the result of light agitation 
of touch receptors and vibration is felt via 


3 Some of the largest 
Sensory receptors in 

the body are pressure 
Feceptors known as: 
Pacinian corpuscles: 
[1], mainly found 

in the dermis {2} 

of the skin; they 

also respond to 
vibration and stretch, 


Pacinian corpuscles: 
are distributed [3] 
both on the body 
surface and in some 
internal organs and 
are particularly 
abundant in hairless 
zones such as the 
palms of the hands 
and soles of the feet 


Pressure receptors, Receptors are also 
concentrated in the ear, eye, nose and 
tongue. 

Sensitivity to a particular stimulus is not 
necessarily uniform all over the body. Recep- 
tive fields may overlap, thus boosting the 
level of sensation, and in many cases the 
density of nerve endings varies. There are 
more touch receptors on the tongue and 
fingertips, for example, than in body areas 
such as the back (which explains why it is so 
difficult to judge how many fingers someone 
is using to touch your back), Most receptors 
can adapt to unimportant stimuli and it is for 
this reason that we do not continuously feel 
the presence of our clothes. 

Significant stimuli are converted into 
nerve impulses to travel, by way of the spinal 
cord, to a centre in the brain known as the 
thalamus. The thalamus provides vague 
awareness (as opposed to fine discrimina- 
tion) of sensory stimulation, determines its 
quality, pleasant or otherwise, and may also 
be responsible for interpreting pain. But the 
essential function of the thalamus is that of 
imtegrating sensory material - grouping 


1 The region of the 
brain that analyses 
sensations such as 
touch and pressure 
and heat and cold is 
the sensory cortex 
The primary area is 


2 The sensation of 
touch usually results 
from mechanical dis: 
tortion of various 
types of sensory re. 
ceptors in the skin. 
Touching a hair [Aj 
affects free nerve 
‘endings that form 
web [1] around. 


is shown striped 


together impulses of the same nature from 
different parts of the body ~ for onward 
transmission to the sensory cortex, the region 
of the brain that analyses sensations [1] 
Underlying the thalamus is a smaller struc- 
ture called the hypothalamus, which, among 
other activities, regulates body temperature 


Pain: variety and interpretation 
Pain is the most dramatic and in some ways 
the most puzzling of the senses that play a 
part in keeping us alive, Pain is felt in diffe- 
Fent ways: “bright” or pricking pain such as 
that associated with a cut finger is intense, 
short-lived and easily localized to the part of 
the body affected; “burning” pain is slow to 
develop, longer-lasting and less easily 
localized; and “aching” or visceral pain is 
Persistent, often nauseating and may be 
referred away from the pain source [7]. The 
anomaly of referred pain isdue tothe entry of 
impulses from the affected area into the 
spinal cord and their stimulation of neigh- 
bouring nerve fibres from the skin 

Both the sensory end organs and the 
neural pathways that conduct pain sensations 


hair follicles be 
neath the epidermis 
[2), These hair end 
organs are distri 
buted over the body 
[3]. Mostly found in 
hairless skin (8), 
Merkel’s dises (4) 
and Meissnor’s cor. 
puscles [5] are ter 


plentiful in such 
areas as the finger 
tips that are espe 
cially sensitive to 
touch. Merkel's discs: 
detect continuous 
touch while Meiss- 
ners corpuscles signal 
the point and texture 
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of contact. Some free 
nerve endings can de 
tect both touch and 
pressure. In the eye 
IC] receptors of this 
type [6] serving the 
epithelium of the cor 
nea [7] above the 
Jens (8 respond to 
the lightest contact, 


4 Body temperature is 
adjusted by the hypo: 
thalamus of the brain 
which signals changes 
inthe skin in ro: 
sponse to sensations 
of heat and cold. A 
rising temperature 

[Al causes blushing 

of the skin as blood 
vessels (1) dilate to 
allow heat to be rad 
iated from the sur 

face. Evaporation of 
‘sweat [2] and relaxa- 
tion of hair erector 
‘muscles [3] cool the 
skin, When cold [8], 
blood vessels con 
strict making the skin 
look blue and hair 
stand on 


to the central nervous system — the spinal 
cord and the brain ~are so varied that there is 
dispute about the existence of specialized 
‘pain nerves”. Pain may be the result of 
stimulation of any fibre 
Sometimes damage to the neural pathways 
gives rise to spontancous pain, referred to the 
area supplied by the pathway and coupled 
with sensory Mostly burning in 
character, spontaneous pain arising from an 
old injury to peripheral nerves is known as 
causalgia and is nearly always referred. Simi 
larly, spontaneous central pain occurs when 
more central structures, such as the spinal 
cord or the thalamus, have been damaged. 
The bizarre sensations that are a common 
legacy of amputation are known as phantom: 
limb pains. Causalgia, central pain and 
phantom-limb pain are known collectively as 
neurogenic pains. 

Research has shown that both human 
beings and animals quickly learn to evaluate 
the experience of pain as a result of events in 

jancy. There is evidence that undue protec- 
tion from damage reduces the ability to feel 
pain or to evaluate painful stimuli, Sensory 


excessive nerve 


loss. 


5 Two ki 
receptors specialized 
to detect thermal 
changes are Kraus 
end bulbs [1], which 
respond to cold, 

and Ruffini corpuscles 
[2], which react to 
heat. Kraus end bulbs 
are most prevalent 

in the mucosa of the 
tongue, the conjuc 
tiva of the eye and 
the external genita: 
lia. Ruffini cor 
puscles, found deep 
in the dermis of the 
skin, or even in the 
subcutaneous layer, 
are flatter in shape 
and particularly 
abundant in the 

soles of the feet 


deprivation of this kind is potentially 
dangerous in that pain is an important 
protective sensation ~ securing withdrawal of 
the tissues from harmful agents ~ as well as a 
useful indicator of disease. Some people 
suffer from a congenital nervous abnormality 
that drastically reduces or totally excludes 
the ability to sense pain ~ a rare condition 
known as hypoasthesia. They face a far 
higher risk of injury and without pain to 
signal the need for treatment their life expec- 
tancy is shorter than average 


The psychology of pain 

Pain, like all other experience, is entirely 
subjective and often considerably affected by 
psychological factors [6]. Soldiers, for 
example, can suffer fearful wounds in battle 
without noticing them until later. All the 
techniques so far available for measuring so- 
called pain thresholds are open to criticism 
and all that is known for certain is that men 
are more sensitive to pain than women, that 
office workers are more sensitive than 
manual workers and anxious people more 
than calm types. 


ete 
2 S922Z 


6 Pain is both physi. 
cal and psychological 
Physiologically, it 
originates from sen 
Sory receptors all 
‘over the body, but 
psychological and 
cultural attitudes 
seem to override the 
most powerful pain 
stimuli to the extent 
that subjugation of 
physical sensation 

is almost a common. 
place occurrence at 
religious ceremonies 
inthe East, This 
Hindu, taking part in 
a festival of penit 
ence of Kuala Lumpur 
shows no evidence 
of pain trom needles 
embedded in his skin. 
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in the base of the 
neck as well as in 

the shoulders and 
arms; acid irritation 
of the oesophagus [21 
is felt in the throat 
and in addition over 
the heart and inthe 
arms; womb trouble 
[3] and one or two dis 
orders of the pancreas 
[4] give rise to back 


ache; and stones in 
the kidney may set up 
pain in the groin [5] 
As.asign of some 
internal disturbance 
referred pain is an 
important factor 

in diagnosis, to be 
considered together 
with other symptoms 
in the accurate 
location of a disorder 
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the term used for 
the sort of visceral 
pain that makes, 
itself felt somewhere 
other than the site 
of the trouble. For 
example, the condi 
tion known as isch 
aemia {1} (a shortage 
of blood to the 
heart) causes pain 


Smell and taste 


The senses of smell and taste together form 
part of a system that samples the world about 
us and reports to the brain. They are both 
chemical senses, separate but closely linked. 
In humans neither can normally operate at a 
great distance and taste, the weaker sense, 
depends to some extent on the sense of smell 
to augment it, 

The sense of smell (olfaction), centred on 
two small patches of olfactory epithelium [1] 
in the nose, detects any airborne odours that 
reach it. The sense of taste, centred in the 
tongue, detects chemicals only in the mouth, 
but the two senses are so interdependent 
that a foul smell can leave a nasty taste in the 
‘mouth and enjoyment of food is a complex 
Tesponse to sensations from the tongue, 
palate and nose. The person suffering from a 
cold, for example, is unable to “taste” food 
because he has a”’stuffed nose” 


‘The sense of taste 

The sense of taste enables us to appreciate 
food and drink and warns us if food has gone 
stale or is bad, The principal organs of taste 
are microscopic nerve endings called taste 


1 Olfactory membrane; 
the root of 
‘vity 


ations of od. 

wubstances 

3 Mucus-covered outer 
sutlace of membrane 
wth cia 

4 Olfactory nerve: tans: 
‘its impulses (@ brain 


1 Ability to detect 
smelis comes from 
small organs called 
olfactory receptors, 
occupying in the adult 
about 12sq cm (28q in) 
in the top of the nas: 
passages. (In compar- 


haled and passes 
over the back part of 
the nasal passages 

the molecules dissolve 
Ye mucus. Itis 


15 the hair to 
transmit nerve im: 
pulses to the ol 
factory bulbs which 
he two centres 
dealing with the 
sense of smell, These 
pass signals to the 


of its skin,) 
receptors con: 
of thousands of 


layerof brain, Asubstance 
mucus-secreting must reach the nose 
cells, Odorifer 


a8 a gas of a vapour 
for a person to be 
aware of its odour 
Our sense of smell 
is closely linked 
with that of taste. 


ous substances such 
as hot foods give 

off molecules that 
float through the air. 
When this air is in: 
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buds situated on the tongue and also, to a 
lesser extent, on other surfaces of the mouth. 
They are housed in small projections called 
papillae [2} 

Only liquids can be tasted. A solid ina dry 
mouth creates no sensation of taste for taste 
buds are stimulated only when chemicals in 
food are dissolved by saliva and washed out 
over the taste buds. 

When the receptor cells are stimulated 
they cause signals to be transmitted along two 
of the 12 pairs of cranial nerves — the glossc- 
pharyngeal and lingual nerves - to the taste 
centres in the brain (4) 

The taste buds register only four basic 
sensations — sweet, salt, sour and bitter - 
although some experts believe that metallic 
and alkaline tastes can be detected too, Most 
tastes, however, can be considered as 
combinations of the four basic sensations. 
Different parts of the tongue detect different 
tastes [6] and some tastes do not combine. 
The centre of the tongue has no sense of 
taste. Taste buds are concentrated in large 
numbers toward the buck of the tongue. 

Touch receptors in the mouth convey 


| 
* 
Ny 


2 The tongue, one of 
whose functions is the 
sense of taste, has em- 
bedded in its surface 
about 10,000 nen 
endings known as taste 
buds. These are found 
in association with 
minute projections or 
Papillae, of which 

there are three sorts, 
Each taste bud con: 


sists of a cluster of 
taste receptor cells 
exposed to the surface 
small pore, As 
infers the mouth 
itis moistened by 
fluid produced both by 
serous glands in the 
‘tongue and by salivary 
glands in the cheeks 
(parotid), under the 
tongue (sublingual) 


information about temperature and texture 
and the various signals are combined in the 
brain to give the full flavour sensation. The 
tongue is also sensitive to irritants such as 
pepper or the ingredients of curry powder 


How smell works 
Smell is less important to man than the other 
senses and it is the one about which least is 
known. It isnot nearly as sensitive in man as it 
is in many species of animals. Male moths, for 
example, can smell female moths several 
miles away. During his evolution man'ssense 
of smell has decreased in importance as he 
has come to rely more on sight and hearing 

‘The olfactory epithelia are housed in the 
roof of the nasal cavity [Key] ~ the narrow, 
lofty chamber of the nose. The floor of the 
cavily is the roof of the mouth and its ceiling 
is the brain case. The whole cavity is lined 
with mucous membrane, a soft, warm 
adaptation of the skin that is well supplied 
with blood vessels 

Glands in the mucous membrane secrete 
a film of mucus, the viscous fluid that keeps 
internal surfaces of the cavity moist. Cilia — 


and in the lower jaw 
(submandibu! 


million. The taste buds 
in the front and middle 


buds and stimulate 
taste receptor cells, 
Nerve impulses 
travel via neighbour: 
ing nerve fibres to the 
brain, Taste buds can 
detect up to one part 
of a chemical in two 


those at the back of the 
tongue use the glosso- 
pharyngeal nerve. 

The brain sorts out 
these signals and 
identifies them as 
different tastes. 


———————— 


CONNECTIONS 


See also 
How the brain 
works 

Touch, pain and 
temperature 


Epiglottis. a ap that 
overs the entrance to 
the windpipe wher 
food 18 being awall 
Filifore papilla 
Fungitorm papills 
Vallate papilla 
Entrance to # taste bud 
Taste receptors 

Nerve taking taste 
Sensations 0 the brain 
Serous gland cell 
Serous secretion; 
helps to moisten food 


microscopic hairs growing from the 
epithelium — waft the mucus continually back 
towards the throat; sniffing and swallowing 
help it down towards the stomach. 

Air drawn through the nostrils is first fil- 
tered by a network of guard hairs, then 
warmed and partly cleansed by its passage 
over the sticky surfaces of the nasal cavity. 
Flowing back towards the lungs, the air 
Passes over the two patches of sensory 
epithelium in the roof of the nasal cavity. 
‘These are made up of many thousands of cells 
bearing hairs that are connected to the deeply 
embedded sensory cells. 


The detection of smells 

How the sensory cells detect odours is not 
known, but it is believed that molecules of 
chemical vapour carried in the airstream are 
deposited on the mucus and in some way sen- 
sitize the hairs; these communicate with the 
cell body beneath them and this in turn 
initiates an impulse in the associated nerve 
fibres. The fibres pass from the olfactory 
membrane to the olfactory bulbs, which are 
linked directly to the brain [3], 


The receptors of the sense of touch in the 
nose also contribute to the sense of smell. 
The sharp odour of ammonia, for example, is 
partly identified by stimulation of the pain 
Teceptors in the nose and the smell of 
menthol is partly a sensation of coldness. 

Although the sense of smell is no longer 
important in terms of our basic survival, large 
perfume and deodorant industries thrive on 
it. The smell receptors in man can detect an 
amount of artificial musk equivalent to one 
drop being diffused throughout a room the 
size of a concert hall. 

The sense of smell adapts rapidly to new 
odours. If two smells are encountered 
simultaneously first one is recognized and 
then the other. But when the receptors 
become saturated with an odour it quickly 
fades and this explains how one can tolerate 
an unpleasant odour after the initial aversion 
to it. The sense of smell is backed by an excel- 
lent memory and well-trained sense recep- 
tors can recognize more than 10,000 diffe- 
rent odours. Sensitivity to smells differs bet- 
ween the sexes: most women are less aware 
of the odours of coffee and tar than are men. 


3 The smell pathway 
(the red line) can be 
traced from the olfac- 
tory bulb to the 
rhinencephalon (the 
shown striped 

|. located deep 
within the brain, 


4 Taste centres in the 
brain (those areas 

Most concern 
sensing taste) 


cortex [A] and arcu- 

ate nucleus of the thal: 
amus (B]. The former 
controls sensations 
from the mouth but 
the latter is thought 
to be more important. 


subjective judgments, 
has suggested four 
basic qualities: 
fragrant, acidic, 


like). The intensity 
of each quality 

has been graded 
from numbers 0 to 8. 
{in this way the vin- 
egar illustrated here 
may be designated 
8 4813 showing 
that itis “half” 
fragrant (4), very 
acidic (8), slightly 
burnt (1) and 


atrophy as man 
beginning immed: 
iately after birth, so 
that the sense of 
smell deteriorates, 
Shown hi the 
percentages remain. 
ing at the ages 

‘of 20, 60 and 80, 


8 Taste buds deciine 
in number as man 
ages especially after 


this reason t 
sense of taste 
becomes less acute. 
Here are the number 
of taste buds in the 
trench wall of one 
papilla at the ages 
of 20, 60 and 80, 


ney 


The senses of smell 
and taste involve the 
olfactory bulb [1], epi- 
thelium [2}, nerve (3), 
mucous membrane 
[4], the tongue [6] 
and its nerve (5). 


s 6 Different areas 

of the tongue are 
sensitive to differ. 

tent specific tastes. 
Bitterness is detected 
at the back of the 
tongue [1]; sourness 
is detected at the 
sides [2); saltiness 

is tasted all ov 
the tongue, but par 


bitter and sweet blend 
together to produce 

a fused sensation, 

a8 do sour and salty, 


$8 
ge 
3 
ri 
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Skull, skeleton and joints 


The bones of the skeleton form a strong scaf- 
folding of protection and support for the 
human body, Because bone has a high con- 
tent of calcium, phosphorus and other mine 
rals, it appears hard, dry and rigid. But one- 
third of its composition is a fibrous protein 
called collagen and this gives bone a mesh- 
work of pliable threads. 


Bone structure and design 

If a long bone is soaked in acid, so that the 
minerals are dissolved away, the remaining 
protein framework (“gelatin™) is so pliable 
that it can be tied in a knot. If, on the other 
hand, a bone is heated strongly, destroying 
the protein, the remaining mineral structure 
is hard and brittle, The combination of these 
qualities gives living bone its unique nature 
It has strength and rigidity, with resilience 


and the ability to withstand bending and 
crushing forces. 

Integrated with the bony skeleton, and 
equally important, are connective tissues. 
Strong and supple ligaments link bone to 
ge lines and cushions the 
fibrous, 


bone; springy carti 
joints where bones 


meet; and 


1 Parietal 


Ocespitall 


1 The brain and sense 
organs of the head are 
protected by the skull, 
whose many bones 
are joined by jagged 
joints or sutures. 

The movable lower 
jaw or mandible is sus- 
pended on powerful 
muscles and ligaments 
below the upper jaw, 


inelastic tendons (sinews) are cables securely 
attaching muscles to the various levers that 
they move 

There are four main types of bones, The 
flat bones such as the shoulder blades, skull 
vault [1] and hips, are both strong and light 
and safely house and support delicate 
internal organs, as well as providing 
anchorage for muscles. The irregular bones 
that form the flexible vertebral column or 
spine [2] are separate from each other but are 
jointed together by fibrous ligaments and 
muscles. The short bones, found in the wrist 
(carpals) and foot (tarsals) are not only 
strong and light, but provide resilience. 
Finally, the long bones in the limbs and chest 
are strong, hollow and light — an essential 
requirement for weight transmission, 
leverage and movement [4]. 


Bone formation and the skeleton 
Bone develops from a foundation of cartilage 
[5]. which usually forms a temporary 
skeleton for the fetus while it grows and 
expands. Cartilage has an enveloping sheath 
(the perichondrium) and contains bone- 


building cells called osteoblasts. When these 
cells are activated, they absorb soluble c: 
cium salts from the blood and convert them 
into insoluble salts that are then deposited in 
the cartilage causing it to harden. This bone- 
hardening process is called ossification, 

Bone tissue develops from centres of 
ossification [8]. A long bone has three such 
bone-producing centres. The shaft, or 
diaphysis, contains one centre that becomes 
active at about the sixth week of fetal 
development; and each of the cap-like epi- 
physes, separated from the shaft by a plate of 
cartilage, also contains one that becomes 
active, usually after birth. The shaft gradually 
lengthens until all the cartilage becomes 
ossified, usually between the ages of 18 and 
25 years, after which the bone-length can no 
longer increase. 

Adult bone, being hard and rigid, is more 
liable to fracture than that of a young childin 
whom the proportion of elastic organic 
matter is still high, and overstressing causes 
only a partial or greenstick fracture. In the 
elderly a gradual loss of elasticity makes bone 
more brittle, and so less resistant to fracture. 


Frontal 


Nasal 


Ethmoid 


Lachrymal 


2 The vertebral col- 
umn supports the head 
‘and rib cage and pro- 
tects the spinal cord 
The bowl-shaped oo- 
cipital bone [1] at the 
base of the skull is 
attached to the first 
vertebra or “atlas’ 

[2] by membranes and 
by a fibrous cap- 

sule [3] that is sand- 
wiched between pro 
jections or "proces- 
es" on each bon 
The second vertebra 
“axis [4] is aim- 
itarly attached to the 
atlas by a combination 
‘of such joints and by 
ligaments [5]. Turning 
the head involves 


Maxitla 


Zypomatic 


Teeth 


round the 
central process (6) 


See also 
Murclon and actin 
Deseo of he 
skeleton ant 
msscies 

Arveaiy dot 
Dentistry 


of the axis, Nodding 
involves movement of 


through the opening 
[8] in the occipital 

and down through the 
vertebral canal. 

Spinal nerves (9} 
leave through spaces 
between the vertebrae. 
The back view [A], 
side view (8) and 
bottom view [C] of 

the skull are shown. 
The spine is made up 
of 32-34 vertebrae: 7 
inthe neck, 12 

inthe thorax, 5 
forming the small of 
the back, 5 fused in 


& 


3 Simplest of the [B] contain fluid to 
freely movable joints lubricate bearing sur 
gliding joints [A], faces. Ball-and-socket 


Such as those between 
the carpal bones at 
the wrist. Movement 

is restricted by liga- 
yonts. Synovial joints 
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joints [C} are found in 
the hip and shoulder, 
The socket grips the 
ball firmly, assisted 
by ligaments. The 


hip joints support membrane where the 


the trunk’s full femur and tibia ar- 
weight. Internal li ticulate. Pivot joints 
ments [0] help to [El are found where 
stabilize the knee the ind axis vert 
joint. They cross ‘ebrae articulate and 
within the joint, between the radius 


closed in synovial and ulna. The former 


allows the head to turn, 
the latter the forearm 
to twist. Hinge 

IF] allow mover 
inonly one plane, as 
at the kneo, betwoon 
humerus and uina at 
the elbow and between 


the bones of each 
finger and toe. The 
saddle joint (G] at th 
base of the thumb is so 
shaped that combina- 
tions of movements 

in different planes are 


pad of the thumb to 
‘meet the finger pads. 


1 Bone 

2 Cartilage 

3 Synovial fluid 

4 Synovial membrane 
5 Tandon 

6 Ligament 


The arms, legs and skull (appendicular 
skeleton) are supported by the spine (the 
central axial skeleton) [Key]. The vertebrae 
support the mobile shoulder framework at 
the pectoral girdle: this includes a pair of 
collarbones (clavicles) at the front, and a pair 
of shoulder blades (scapulae) at the back. 
The clavicles articulate with the breastbone 
(sternum) at one end, and the scapulae at the 
other, and act as struts to prop back the 
shoulders, Attached to the vertebrae are the 
seven pairs of “true” ribs, three pairs of 
“false” ribs and two pairs of “floating” ribs. 

At the base of the spine, the pelvic girdle 
is made up of a number of fused bones, which 
together form the massive framework of the 
pelvis. The weight of the body is transmitted 
to the legs through the cup-shaped 
acetabulum on each side. 


Joints and their actions 

Joints are formed wherever one bone meets 
another; some have no movement at all and 
others have varying degrees of mobility. In 
this, cartilage plays a vital role: for less freely 
moving joints, a pad of fibro-cartilage unites 


4 A magnified cross- 
section of bone |} 
‘shows that it is com- 
posed of rod-like 
units [1] which when 
further magnified [8] 
are seen to have a 
central channel {2} 
containing blood ves- 
sels [3]. Those are 
surrounded by con- 
centric layers or lam- 


cium salt crystals 
and bone cells [5] 
are embedded 
between the fibres. 


Key 


bone directly with bone. Displacement of one 
of these protective pads between the ver- 
tebrae can result in the well-known “slipped 
disc", Where joints are virtually immovable, 
such as those between the bones of the skull, 
the bones are tightly dovetailed together [1] 

In freely movable joints two bones with 
friction-free hyaline cartilage at the ends are 
surrounded by a capsule and ligaments [3] 
This capsule is lined with a membrane that 
secretes a fluid in the joint cavity, acting as a 
lubricating buffer against friction. In large 
joints such as the knee, external sacs called 
bursae give additional protective cushioning 
[7]. (The complaint “housemaid’s knee” is 
due to inflammation of the bursa in front of 
the knee-cap.) 

Most bones have hollow cavities that are 
filled with a spongy bone marrow. Some of 
this (not in the long bones) forms new red and 
white blood cells, Little more than 250 
grammes (0.5Ib) of bone marrow provides 
the five billion red cells a day needed to 
replace old cells that have worn out after 
their 120-day lifetime in the body. Some 
white cells are formed in the lymph nodes. 


Cranium 
Orbit 


There are three main 
differences between 
[Aland 
female [B} skeletons. 
The former usually 
has broader shoulders 
[1], alonger rib cage 
[2], and 
pelvic opening (3}. 


5 The three types of 
com- 
or chon- 


hyaline cartilage; (8) 
fibro-cartilage, which 
contains many col- 
lagen fibres; and [C} 
elastic cartilage 

with its cells sur- 
rounded by dense el 
astic fibres. [D] 
shows the locations 
of the different 

types in the body. 


6 The tooth has three 

regions: the crown 

[1], the neck [2] 

4nd the root [3}. The 

crown, capped by en- 

amet [4], projects 

above the gum (5), 

the root being fix- 

ed in the jaw [6] by 

a layer of cementum 
7}, The connective 

tissue pulp [8] con- 

tains capillaries, 
\erves and lymphatics 

[9]. These enter 

‘the tooth at the 

base through the 

root canals (10). 


. 
15 
7 At the knee the bursae. Cartilage (9) 8 Bones lengthen by 
fornur {1} and tibia [2] the articular growth at the epi- 
joined by ligament physes [red], which 


Further lig 
ments [4], attached to 


originally carti- 
lage but develop into 
bone. Shown is the 
growth of the arm at 
the elbow with the hu 
merus [1] and radius 
and uina [2] giving the 
stages of growth 

at different ages. 


femur and the tibia 
‘Synovial membrar 
and fluid (11} lubr 
fatty pads [12] pack the 
joint. Biceps [13] and 
gastrocnemius [14] 
muscles are shown. 


[6], The synovial 
membrane forms the 
infrapatellar [7] and 
suprapatellar (8) 
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Muscles and action 


Muscle, the raw material of movement, is a 
contractile tissue that makes up from 35 to 45, 
per cent of the body’s weight and powers all 
its actions — from the merest flicker of an 
eyelid to the sustained effort needed to run a 
marathon race, Even during sleep some mus- 
cles remain active in order to power vital sup- 
port systems, 

‘There are three types of muscle, all diffe 
rent in structure and function [1]. Skeletal 
muscle - the meat on our bones ~is strongest 
and most abundant [3]. Smooth muscle, 
found in the arteries, intestines and other 
internal organs, performs slow, sustained 
contractions. Cardiac muscle is specific to the 
heart, generating the powerful contractions 
that pump blood throughout the body. 


Voluntary muscles 

Only skeletal muscle is under conscious con- 
trol ~ governed directly by the central 
nervous system — and is therefore described 
as voluntary muscle. It is networked with 
blood vessels and nerve endings and consists 
of fibres up to a maximum of about 30cm 
(12in) long [Key]. These fibres have the 


ability to contract along their whole length in 
response to nerve stimuli, sometimes shor- 
tening by as much as a third [4]. Under a 
microscope the fibres appear striped, which 
accounts for the name “striped” or “striated” 
muscle. Each voluntary muscle is bound 
within its own tough, elastic sheath and is 
further protected (and separated from its 
neighbours) by layers of connective tissue. 

Skeletal muscles, mostly attached to bone 
either directly or through tendons, include 
flexors to bend joints and extensors to 
straighten them, Abductor muscles are 
needed to pull the arm, for example, away 
from its natural position at the side of the 
body, and adductors return it to the side. 
Limbs are twisted by rotators. Each fibre ina 
muscle has a separate nerve branch; these 
branches meet at what is called the motor end 
plate. A nerve impulse from the brain or 
spinal cord releases a chemical transmitter 
Substance that makes the fibre contract. 

No single muscle, however, is of much use 
in isolation, Because contracted fibres 
require an opposing force to expand, skeletal 
muscle is mostly arranged in antagonistic 


1 Musculartissue 
structure varies ac- 
cording to its func 
tion, Smooth muscle 
{A}, made up of in- 
dividual strands [1), 
hasaninnerlayer 
of circular muscles, 
[2] effecting con- 
traction andan 
outer layer pro- 
viding a wave-like 
motion [3]. Cardiac 
‘muscle [B] inthe 
wall of the haart (4) 
has branching fibres 
[5]. Skeletal muscle 
[Clis arrangedin 
fibre bundles (6) for 
versatile function. 
Each fibre has myo- 
fibrils distrib- 

uted within it (7) 
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2 The stomach, like 
mostof th 
tive tract, is walled 
with involuntary or 
‘smooth muscle. The 
fibres of the stom- 
ach wall are built 

up in three layers: 
longitudinal [1), 
circular [2] 
lique (3). These mus- 
cularlayers workin 
collaboration, con- 
tractingin turn, 
producing a wave- 
like movement or peri- 
stalsis and forcing 
food through the 
stomach, past the 
circular muscle valve 


base andintothe 
adjoining duodenum. 


Brachio 
radials, 


Distribution of muscle types in the body 


blocks with flexors working against extensors 
and abductors against adductors, 

When muscles contract, using energy, 
heat builds up and carbon dioxide, water and 
lactic acid are formed. After strenuous exer- 
tion muscles are affected by an accumulation 
of lactic acid because there is not enough 
‘oxygen available for metabolism. This results 
in an aching sensation and in “heaviness” of 
the limbs. A build-up of lactic acid, combined 
with deprivation of salt and water or oxygen, 
may be the cause of cramp. 


muscles 

Involuntary muscle, the basis of internal sup- 
port systems, has an equally vital role to play. 
Both types of involuntary muscle - smooth 
and cardiac - are in continuous use, main- 
taining such functions as respiration, diges- 
tion, circulation and heart contraction. 

Smooth muscle fibres are arranged in two 
different patterns, depending on the delicacy 
of their task. There are multi-unit smooth 
muscles, for example, in the arteries and in 
the iris of the eye. There the tiny individual 
fibres are separated, each contracting only 


Biceps brachii 


Frontalis 


Triceps 
rach. 


Serratus anterior 


External oblique 


Vastus lateralis. 


Gastrocnomius 


Tibialis 
anterior 


See also 
Shi, seolaton une 


Orbicularis oculi 


Orbicularis oris 


Stermocieidomastoid 


Dottoid 


Poctoralis 
major 


Biceps 
brachii 


Triceps 


ton are more than 600 
voluntary musclas— 
thick bands of fibre, 
built up inlayers 
togive strength and 

lity to each 


powerful ofthe 
three muscle types. 


when stimulated by a nerve impulse, 

In the kind of smooth muscle found in the 
viscera —the intestines, bile ducts, ureters and 
other internal organs - smooth muscle fibres 
are packed together so densely that they are 
almost indistinguishable from each other 
This is the kind of muscle that powers the 
wave-like movement known as peristalsis. 
The antagonistic mechanism vital to muscle 
function is achieved by the arrangement of 
‘two sets of muscle fibres — longitudinal and 
circular — that compose the muscular wall, 
and by two sets of autonomic nerves, the 
sympathetic and parasympathetic. 

Early on in the digestive process there is 
an ingenious mixture of muscle types work- 
ing in collaboration. Thisis in the oesophagus 
or gullet, the canal running from the mouth to 
the stomach, Voluntary muscle rings the 
upper third of this tube, but sensation of 
movement ceases as food reaches the middle 
section, which consists of mixed voluntary 
and involuntary muscle. The remaining third 
is made up of involuntary muscle 

Voluntary and involuntary features are 
also combined in the bladder. The smooth 


Gastrocnemius 
medial head 


Tondo calcaneus 
(Achilles) 


layers must first relax, allowing the bladder to 
stretch as it fills with urine, and then contract 
to expel the contents. The sphincter, a ring of 
striated muscle that is under conscious con- 
trol, is the governing mechanism. Kept con- 
tracted while the bladder is filling, the sphine- 
ter seals off the outlet until, under voluntary 
direction, it is relaxed and urine is passed 


‘The muscle of the heart 

Cardiac muscle — the fabric of the heart - is 
striated like voluntary fibres but it is not 
under conscious control. Highly adaptable, 
cardiac muscle is stretched as blood enters 
the heart chambers. The degree of expansion 
is signalled by pacemaker tissue that sends 
impulses by conducting tissue to ordinary 
cardiac muscle cells, ensuring adequate and 
co-ordinated constriction to empty the heart 
completely, Once again the antagonistic 
principle comes into play and changes in the 
rate and strength of contraction are governed 
by the sympathetic and parasympathetic 
nerves. In the heart, as in the intestine, 
stimulation of one set of nerves increases 
contraction while the other set decreases it. 


aa 


Rhomboid major 


Latissimus dort 


¢ 


Gluteus maximus 


5 Chewing and biting, 
though routine move- 
ments, nevertheless 
require intricate 
collaboration of 
skeletal muscles. On 
each side of the 
head are five power. 
ful muscles that 
are chiefly involved 
Wiotibial act 


Gastrocnemius 
lateral read 


Key 
Myotibnit 


in the business of 
mastication. The 
‘buccinator [1] forms 
the side walls of the 
mouth. By compress- 
ing the cheek, it modi- 
fies the position of the 
food in the mouth. The 
medial pterygoid [2]. 
which lies horizontally 


An exploded view 

of skeletal muscle 
shows how the 
bundles are built up 
from elongated fibres, 
Inturn each individ- 
ual fibre consists 


myofibrils contains 
filaments of protein 
that overlap to give 


across the side of the 
face, contracts to lift 
the jaw. It also pro: 


duces sideways grind- 


ing movements by 
pulling the lower jaw 
to one side. The 
external pterygoid [3], 
almost at right angles, 
to the medial ptery- 


the characteristic 
striations or striped 
pattern seen under 
the microscope. The 
two proteins invol- 
ved, actin and myo- 


‘sponse to nervous 
stimuli, causing the 
muscle to contract. 
Skeletal muscle is 
ofa voluntary type 


4 Contraction of vol- 
untary muscle [A] is 
achieved through 
‘many elongated cells 
or fibres (8), made up 
of fibrils bound to- 
gether by a membrane 
Each fibril [Cj con. 
tainstwo different 
proteins ~ actin and 
myosin—laid down, 
in filaments that 
ranged in par. 

I, creating dark 


ments show a spiral 
configuration and 

the strands of myo- 

sin are studded with 
tiny, knob-like pro- 
jections (0). These pro- 
Jections on the myo: 
‘sin filaments [pink] 


active sites along the 
actin [brown] inthe 
ratchet-like movement 
that causes shorten- 
ing of the muscle 
fibres [E, F]. Nerve 


two protein partners. 


goid, contracts to pro: 
trude the lower jaw 
and open the mouth 
The massenter (4] 
lifts oF closes the jaw 
by contraction. The 
temporalis (51, at the 
side of the head, per 
forms the same func 
tion as it contracts. 
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Skin and hair 


Skin is one of the largest of the human 
organs. In an adult it covers a surface area 
averaging about 1.75 square metres (2,750 
square inches), makes up about seven per 
cent of the total body weight and receives 
roughly one-third of the fresh blood pumped 
from the heart. Versatile in its range of func- 
tions, human skin is a waterproof fabric that 
Serves as a first line of defence against injury 
or invasions by hostile organisms, and also 
has important roles to play as a sensory 
organ, as an agent of secretion and excretion 
and as a modifier of body temperature. 


‘The skin’s layered structure 

Microscopic examination of the epidermis, or 
outer skin, reveals five layers through which 
cells migrate to replace the dead cells shed 
from the surface of the skin [1]. In the 
deepest level of the epidermis, the stratum 
basale, cells constantly divide to provide the 
steady supply of fresh cells forming the next 
layer, the stratum spinosum, As the cells 
move farther away from the source of blood 
and nutrients in the underlying dermis they 
gradually degenerate — by filling with 


1 The epidermis or 

outer skin is cov- 

ered with flattened 

(squamous) or tile- ood 

like dead cells {1} fi by new cells making 

led with the protein their way up from, 
atin. f- below (2). Resistant 

atin that tougher to bacteria, the skin 

and water is penetrated only 


skin. Millions of by hairs [3] and 


granules of protein waste ~and die. Next they 
form the stratum granulosum, and then the 
shiny, almost transparent stratum lucidum. 

Flattened and laden with keratin, the dur- 
able protein of hair and nails (and animal 
horn), these cells finally emerge to form the 
visible skin — the thick, impervious stratum 
corneum or “horny layer". Dead skin flakes 
away from the surface all the time: it is esti- 
mated that the epidermis is totally replaced 
once every three weeks and that an average 
lifetime sees the shedding of 18 to 22kg (40 
to 441b) of dead skin cells. 

The underlying dermis, built around a 
network of protein fibres, gives the skin its 
elasticity and strength — loss of elasticity of 
the dermis is a feature of ageing, charac- 
terized by folding ar wrinkling of the skin, 
About three millimetres (0.1in) thick, the 
dermis is interlaced with blood and lymphatic 
vessels and contains numerous nerve end- 
ings, glands and hair follicles. 

Deeper still is the subdermal layer bet- 
ween skin and muscle. Composed of loose 
connective tissue, this region is heavy with 
fluid and fat cells that provide insulation, 


‘sweat poros [4] 
The epidermis and 
the deeper skin, or 
dormis [6], fit tightly 
together in a series 
of corrugations. 
Epidermal cells [6] 
cling to each other 
by means of special 
Pronged attachments, 


Cuticulae fold 


Nail be —___ 
Nail 


Free 
edge 


2 Nails, like hair, 
are derivatives of 
skin. A useful pro- 
tective covering tor 
the ends of fingers 
and toes, nail is 
made of hard keratin. 
rests on the nail 
bed, which is formed 
from the two deepest 
layers of the epi- 


cushion muscles and nerves and serve as an 
energy store. It is this subdermal layer of fat, 
which is thicker in women, that gives shape 
and substance to the body as a whole. 


Hair, nails and pigmentation 

Hair and the nails [2] on the fingers and toes 
are derivatives of skin: both are made up of 
modified epidermal cells filled with hard 
keratin. But whereas hair and nails are nerve- 
less and dead and can be cut without pain, the 
skin as a whole is acutely responsive to 
external sensations such as touch, pressure, 
heat and pain. 

Hair develops asa downgrowth of epider- 
‘mal cells into the dermis to form a hair follicle 
set at an angle in the skin [3]. A tube of 
keratin is pushed up from the follicle to form 
the hair shaft. Each hair is supplied with its 
‘own minute erector muscle and is capable of 
independent movement - standing on end in 
Tesponse to cold or alarm. What we call 
“gooseflesh” is equivalent to a bird fluffing 
Out its feathers or a cat's fur standing on end. 
At maturity the only parts of the skin free of 
hair are the undersides of the fingers and 
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dermis. The cuticle 
is above the root of 
the nail and the 
‘sensitive quick is 
located beneath the 


ies 
under the root and 
Feprasents the 
active, growing 
region of the nail 


3 The presence of 
hair on the skin is 


‘a distinctive mamma- 


n characteristic, 
The development of 
hair [4], which be- 
gins in the third 


month of fetal life, is 
prefaced by the down- 


growth of thi 
cells of the epider 
mis [1] into the 


underlying dermis {2] 
and connective tissue 
3]. The hair (4) is 

the result of a multi- 
plication of cells 

that clump together 
to produce a papilla 
[5] at the base of 

the follicle. Con- 
stantly dividing, 
these cells push up- 
wards towards the 


surface, becoming im- 
pregnated with the 
protein keratin, to 


Hair grows becau 
of the continued 


‘sectional view (8) 
of the 
shows how each hair 
is equipped with its 


own erector muscle 
17], endowing indepen: 
dent movement. An 
associated sebaceous 
gland [8] secretes 

oily sebum to lub- 
ricate the hair and 


scalp alone is 
covered 
million hairs growing 
about 0.3mm a day. 


toes, the palms of the hands, soles of the feet 
and parts of the external genitalia. 

Closely correlated, hair and skin colour 
are genetically determined and depend on 
the amount of pigment —mainly melanin (4] - 
present in the individual (in the case of red 
hair there is an additional pigment). Produc- 
tion of melanin in the hair follicles diminishes 
with age and minute bubbles of air in the 
shaft make the hair look grey or white. 

It is a failure in pigment synthesis that 
accounts for the albino state. In albinos 
melanin cannot be synthesized because an 
enzyme is missing due to gene mutation. 
Albinos, therefore, have white skin and hair. 
Also, with no pigment in the iris, the eyes are 
extra sensitive to light and they appear pink, 


Glands of the skin 

Closely associated with all types of body hair 
are the sebaceous glands, which discharge an 
gily secretion known as sebum into the hair 
follicles. Besides lubricating the hair and sur- 
rounding skin, sebum also inhibits excess 
evaporation from the three million sweat 
glands lying coiled in the dermis. 


More widespread of the two types of 
sweat gland are eccrine glands [7], producing 
the salty sweat which has an important 
cooling function in hot weather and which 
also carries away small amounts of waste pro- 
ducts such as urea and lactic acid. Apocrine 
sweat glands, larger and secreting much 
thicker fluid than the eccrine glands, are 
concentrated in the armpits and the anal and 
genital regions. Secretions from the various 
glands in the dermis help to keep the skin 
supple and, by absorbing a certain amount of 
radiation, to prevent sunburn. They play host 
to many different kinds of bacteria, most of 
which are quite harmless. 

‘Skin does not end at the lips and anus but 
continues into the body orifices in the mod- 
ified form of the mucous membrane that lines 
the nose and mouth, the alimentary canal, 
urogenital organs and anal canal. Lacking the 
heavily keratinized outer layer of skin 
Proper, this membrane is rich in glands sec- 
Teting mucus which moistens and protects 
delicate surfaces and is well endowed with 
nerve receptors that give added sensitivity, 
particularly to touch and temperature. 


4 Melanin, thepig- 6 
sible for skin and 


injected into the sur- 
rounding epidermal 
cells [2]. When the 
skin is to 
sunlight melanin pro- 


groid type [B} radi- 
ates heat more eff- 
ficiently than the 
lighter skin of his 
Caucasian and Mon- 
goloid [C] neighbours. 
Carotene, a yellow 
pigment found in the 
horny layer (3] of 
‘skin, is more ab- 
undant in certain 
Asian races. Freck 
Jed skin [0] is due 
to pockats of pigment 
surrounded by in- 
active melanocytes (4). 


Subcutaneous fat 


Milk-producing tissue 


Sebae 


wus gland 


actitarous sinus 


KEY 


‘The skin consists of 
the epidermis [1], 0 
tough, waterproof 
and germ-proof outer 


deeper layer of fat 


prints and these are 
‘specific to the i 
dividual. Finger- 
prints, first used to 
solve a crime almost 


6 The breast ~ a fea- 
ture that is rudi- 
mentary in the male ~ 
contains a collec- 
tion of special sec- 
retory glands. These 
lie deep within the 
‘skin where they are 
protected by fatty 
tissues. Each gland 

is made of lobes 

‘and becomes active 
in the secretion of 
milk in the period 
following childbirth. 
Milk is collected by 

a network of facti- 
ferous sinuses and 
taken to the nipple, 
which is kept lub- 
ricated by sebaceous 
glands, These glands 
show through as tiny 
swellings in the ar- 
ola, which is the 
dark area aur. 
rounding the nipple. 
The areola darkens 
still further during 
Pregnancy and re- 
mains more deeply 
pigmented in women 
who have given 

birth to children, 


cells [3] insulates 

the body and shapes 
its contours. Net- 
worked in the skin are 
blood vessels (4) and 
four types of sensory 
receptors [5, 6, 7, 8). 


a contury ago, made 
their debut in police 
work in Argentina in 
the 1890s, This 
method of identifica 
tion was introduced 
to Britain in 1901 
Distinctive patterns 
include the loop [A], 
which is most com: 


ss than 100 


Jove than 100 
MBs cecioiz0d oionas 


7 Glands of the skin 
include the abundant 
sebaceous glands and 
—less comman —ceru- 
minous glands which 
produce ear wax to 
protect and lubricate 
the skin of the audi- 
tory canal. Most wide- 
‘spread of the sweat 
glands is the colled 
eccrine type, produc: 


Hair pushes up from 
@ follicle [9] and a se- 
baceous gland [10) 
secretes lubricant 
sebum. Sweat glands 
{11} empty by way 

of the pores [12] 


mon, the double loop 

[B). the whorl [C), the 
jenitral pocket loop: 

{D}, the arch (€] and 

tented arch |F}. 

Fingerprints remain 

the same through- 

out life unless the 

dormis tissue is 

accidentally destroyed. 


man 200 
WB 5010 500 300 


of the skin 


ing salty sweat. 
Larger, and yielding 
‘a much thicker se- 
ration, the apocrine 
‘sweat glands develop 
in association with 
the coarse hair of 

the armpits and the 
anal and genital re- 
gions. The apocrine 
glands begin to 
function at puberty. 
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Heart and blood circulation 


It was the English physician William Harvey 
(1578-1657) who, in 1628, first deduced 
that the movement of blood is “constantly in 
a circle", At the time this was a remarkable 
observation, since Harvey could not have 
known of the presence of the vast network of 
capillaries that make up the 96,500km 
(60,000 miles) of human micro-circulation 
[Key], nor of the oxygen that is exchanged 
between capillaries and tissues. 


‘The function of blood 

Every living organism, however primitive, 
needs a circulatory system to fuel its parts and 
to remove waste. In the human body, this 
vital exchange is transacted by the versatile 
fluid known as blood — about 5 litres (9 pints) 
of it in the adult, Itis blood, circulating deep 
in the tissues, that carries oxygen and nut- 
fients to keep the cells alive and removes 
carbon dioxide and other waste materials for 
elimination from the body. 

Made up of specialized muscle, the heart 
provides the motive power for the circulatory 
system. It consists of two upper chambers or 
atria and two lower chambers known as 
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ventricles [5]. Blood-flow between chambers 
and into the aorta and the pulmonary artery 
is controlled by the four heart valves [7]. The 
thythmic action of the heart is regulated by 
the pacemaker — modified muscular tissue 
responsible for the impulses that trigger first 
the atria and then the ventricles to contract. 


How the heart works 

The heart is, in effect, a single pump pow- 
ering a double circuit. In the space of one 
heartbeat freshly oxygenated blood arriving 
from the lungs enters the left side of the 
heart, for dispersal to organs and tissues, and 
“stale” or deoxygenated blood is pumped via 
the right side of the heart direct to the lungs 
where it is reoxygenated [3]. 

About the size of its owner's fist, the heart 
begins work in the fourth week of fetal 
development and continues throughout life. 
In the adult the heart rate averages 70 to 80 
beats a minute although this resting rate can 
increase dramatically up to two and a half 
times ~ in response to stress or exertion. The 
force of the heartbeat is such that if the 
body's largest artery - the aorta, arching 


away from the heart ~ is severed, a 2m (6ft) 
jet of blood is released. 

Freshly oxygenated blood is conducted 
away from the heart by arteries — thick- 
walled, muscular vessels most of which run 
deep in the tissues to minimize the possibility 
of damage [6]. Where arteries are present 
near the surface ~ as at the wrist - there is a 
pulse echoing the heartbeat. Arteries branch 
into arterioles, which in turn break up into a 
complex network of capillaries (1]. These are 
the minute structures that thread their way to 
every part of the body to carry out the vital 
function of the blood, trading oxygen and 
other materials for carbon dioxide and waste. 

On the venous return side the deoxyge- 
nated blood, now carried at low pressure by 
the capillaries, passes through the larger ven- 
ules and into the veins. Ultimately it con- 
verges in two major vessels, the inferior and 
superior venae cavae, that join above the 
heart and drain spent blood into the right 
atrium to be pumped to the lungs. 

Drawn fresh from the body, blood is a 
dense, sticky fluid that congeals quickly when 
exposed to the air. Separated out in the 


1 Fresh blood [red 
starts on its long 
journey through the 
circulatory system 
Jaden with oxygen 


for carbon dioxide 
‘and waste. Stale or 
deoxygenated blood 
{blue} is carried back 
to two major veins, 


from the lungs. In the inferior and 

the capillary beds, Superior venae cavae, 
doep inthe tissues, which drain into the 
‘oxygen and other mat- right atrium of the 


heart. This blood 
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then enters the 
pulmonary circulation, 
to be reoxygenated in 
the lungs, before 
being passed back 
along the pulmonary 
vein to the left 

side of the heart 

to start the journey 
round the body again 


dual-purpose pump. 
In the space of a 
single beat, blood 
is pumped from the 
left to the systemic 
circulation and from 
the right tothe 
pulmonary circu- 
lation for recycling, 


4 The foremost 
‘system of blood 
‘group classification in 
use today is the ABO 
system. The letters 
Aand 8 relateto 


types of proteins 
Present inthe mem- 
brane of red calls. 
Blood group, there- 
fore, is determined 
by the presence of 


Aor proteins or 
both; people lacking 
both A and 8 pro- 
teins belong to group 
©. Accurate cross: 


matching is vital in 
transfusions, where 
incompatible combi- 
nations can cause 
destruction of red 


here by 


recipient patient 


platelets [8] and 
red cells (C}. Fluid 


salts and proteins. 
Three main types of 
white cells, shown 
in magnification, 


{1-3}, small and large 
lymphocytes [4, 5], 
which are involved 

In the body's de- 
fences, and mono- 

es (6), Platelets [7] 
vital clotting 

ints. Red cells [8] 

fe the Most numerous, 


laboratory, it settles into the yellowish fluid 
known as plasma, which constitutes 55 per 
cent of the volume, and a reddish-brown 
sediment of fine particles [2]. 


Plasma, corpuscles and lymph 

Blood plasma is a solution of salts and pro- 
teins, similar to the fluid matter of living cells. 
Serum, the colourless fluid that oozes from a 
scrape on the skin, is plasma minus fibrin, one 
of the proteins that helps blood to clot, 

The dark sediment consists of vast quan- 
tities of red blood corpuscles (erythrocytes), 
rather less of the defensive white blood 
corpuscles (leucocytes), and platelets 
(thrombocytes), which play a vital part in 
blood clotting. Formed in the bone marrow 
and measuring less than one ten-thousandth 
of amillimetre in diameter, red blood corpus- 
cles are among the smallest cells in the body. 
It is the red cells, composed of one-third 
haemoglobin, which act as vehicles for 
oxygen. Carried in the bloodstream as 
oxyhaemoglobin, oxygen quickly detaches 
on reaching target tissues to diffuse through 
the fine capillary walls. 


White blood corpuscles are two to three 
times the diameter of red cells but almost a 
thousand times less numerous. Colourless 
and transparent, they have a quite distinct 
role to play, gliding in and out of blood ves- 
sels to accumulate at sites of injury or infec- 
tion, where they are part of the body's 
defences. Also present at the site of a wound 
are platelets, smallest of the blood particles, 
which are concerned in the clotting process, 

Closely integrated with the circulation of 
the blood is the lymphatic system. Lymph is 
the watery medium in which life-giving sub- 
stances pass through the capillary walls to 
Rourish the surrounding tissues. Basically 
plasma but with a low proportion of proteins, 
lymph bathes the cells, where it is known as 
tissue fluid, before draining away into the 
quite separate network of vessels that make 
up the lymphatic system. Also laden with 
waste materials ~ bacteria, dead cells and 
other debris ~ lymph is carried away to be 
returned to the bloodstream by way of the 
two jugular veins at the base of the neck 
Other functions of the lymphatic system 
include its role in combating illness, 


Key 


Carotid artery 
Jugular vein, 


‘Superior vena cava. 
Pulmonary circulatio 
Heart 


the body passes into 
the right atrium (1], 
he venae ca 
Flow of blood 
into the right ventricle 
[4] is controtied 
bby the tricuspid 
valve [5]. Pulmonary 
arteries [6] conduct 
blood from the right 
ventricle to t 
lungs, while the pul- 
monary veins [7, 8) 
carry oxygenat 
blood back from the 
lungs to the left 
atrium [9]. Ina paral- 
lel manner, the 
mitral valve (10) 
controls the flow of 
between the 
loft atrium and 
the left ventricle 
{11}, The aorta {12} 
conducts blood from 
the left ventricle to 
all parts of the body, 


7 The sequence of a 
single heartbeat takes 
about 0.9 seconds 

ind begins [A] 
as the atria [1, 2] 
fill with blood. 
Contraction [8] of 
the atria forces, 
bl 


taining tricuspid 


U7 te 


kes 
life-giving blood 
into every part 
‘ofthe body to re- 
plenish tissues and 


culatory system, 
freshly oxygenated 
blood enters the 
3em-wide (Tin) 
aorta. The aorta 
branches into major 
arteries serving the 


‘organs and limbs. 
Arteries divide 

into arterioles and 
finally into minute 
capillaries which, 
weaving throughout 
the tissues, serve 
the body's micro- 
scopic cells. Spent 
blood returns by 
way of venules and 
veins, to be pumped 
by the heart back to 
the lungs where 

it is reoxygenated. 


Major vessels of 


fitted with cup- 
blood circulatory 


shaped valves {1} to 
prevent back-flow, 
Movement of blood in 


{red} and veins (blue), 


Fresh blood flows. veins [2] is promoted 
under high pressure, _by the massaging ef. 
most of which is lost fect of surrounding 
by the time blood skeletal muscle [3] 


reaches the vei 
Veins, therefore, are 


oF by the surge of 
adjacent arteries (4) 


[3] and mitral (4) valves [7, 8} to open, 
valves into the With both ventricles 
ventricles (5, 6) fully contracted 
‘The thick muscu- [D], two streams 
lerwallsoftheven- —_—_of blood are forced 
tricles contract [C}, along the separate 


‘snapping shut the routes; fresh blood 
atrio-ventricular into the aorta (9), 
valves andtending —_spent blood into the 


to.cause the semi-lunar pulmonary artery [10]. 
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Glands and their hormones 


‘The hormone-producing endocrine glands, 
working in collaboration with the nervous 
system, provide a means of controlling var- 
ious body functions. But whereas the nervous 
system presides over fast-moving events, the 
endocrine system governs more widespread 
Processes measured in hours, months or 
years. Some hormones are, itis true, involved 
in rapid events - the “fright, flight or fight" 
response, for example, is due to a sudden 
increase of adrenaline in the blood ~ but in 
general the endocrines govern such processes 
as metabolism, growth and development 

Unlike glands of external secretion, 
which liberate their products to the surface or 
to the body cavities by way of ducts, the 
endocrine glands are ductless. These glands 
of internal secretion take in raw materials 
from the blood to produce hormones which 
are released direct into the bloodstream. 


‘The body's master gland 

Master gland of the endocrine system is the 
pituitary [1], measuring only lem (0.4in) in 
diameter and located beneath the brain. The 
pituitary, sometimes described as the “gland 


1 Hormones trom the 1 
anterior lobe ofthe 
pituitary [A] control 
the activity of other 
endocrine glands, 
They include [B} 
thyroid stimulating 
hormone (TSH) {1}; 
growth hormone (GH) 
[2]; prolactin, which 
influences lactation 
[3]; luteinizing hor- 
mone (LH) and follicle 
stimulating hormone 
(FSH), wi 


{5}; adrenacortico: 
trophic hormone 
(ACTH) controlling 
the adrenal cortex (6). 


lotormediate 
lobo. 
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of destiny” because of its importance in our 
overall development, exercises control over 
most hormone systems 

Most important of the pituitary's two 
main lobes is the anterior, which produces a 
group of hormones governing the thyroid, 
adrenal and sex glands. It is also the source of 
somatotropin, which controls the growth of 
tissues and influences fat and sugar metab- 
olism, and of prolactin, which stimulates and 
sustains milk production in the nursing 
mother. The posterior pituitary releases two 
hormones ; vasopressin, which acts on the 
kidneys to control the body's water content, 
and oxytocin, which is mainly active during 
labour to help contraction of the womb or 
uterus, It also assists in making milk available 
to the suckling infant 

The two-lobed thyroid [2], operating 
under direction from the hypothalamus of 
the brain and the anterior pituitary, embraces 
the larynx and upper windpipe. Its function is 
to absorb iodine and other materials from the 
bloodstream to produce a hormone called 
thyroxine, and it is thyroxine that regulates 
rates of metabolism all over the body and 


2 Principal hormone 
of the thyroid (1) 

ts thyroxine, releas- 
ed under control of 
the pituitary gland 
(2). Rich in iodine, 
thyroxine stimulates 
energy production in 
the body cells {3}, 

An overactive thy: 


high 
blood pressure and 
weight loss. Thyroid 
deficiency lowers 


testine (4] and the 
blood-cholestero! 
Jovel [5]. In addition 
‘thas psychological 
effects — due perhaps 
{oits influence on 
the adrenal medulla 
{6}, In children 
thyroxine is vital to 
growth — partly due 
10 its effect with the 
growth hormone [7} 


maintains levels of heat production. The 
thyroid also produces calcitonin which plays 
4 part in calcium regulation 

The parathyroids are four tiny glands. 
They cling limpet-like to the rear surface of 
the thyroid, but have little in common with 
the larger gland [3]. Parathyroid hormone 
(PTH) is vital to the metabolism of calcium 
and phosphate in the body. 


Protecting the body 

More versatile are the adrenal glands, 
located one on each side of the spinal column 
just above the kidneys. Shaped like a tricorn 
hat, cach gland consists of an outer layer, or 
cortex, and a central medulla — two distinct 
areas that differ in their endocrine functions 
[5]. The cortex produces steroid hormones 
known as corticoids, including glucocor- 
ticoids, important in the metabolism of 
carbohydrates and proteins; aldosterone, 
another of the hormones involved in main- 
taining water-balance through its effect on 
the kidneys; and small quantities of sex hor- 


mones which supplement the larger amounts 
produced by the gonads. 
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3 The thyroid (1), 
curving around the 
larynx and trachea, 
has twin lobes join- 
ed by an isthmus 
Unrelated to their 
host are the four 
parathyroid glands. 
[2] lodged on the 
roar of the thyroid 


3 


4 The hormone pro: 
duced by the parathy- 
roid glands (orange|, 
abbreviated to PTH, 
has the important 
function of regu- 
lating the level of 
calcium in the blood. 
The mineral itself 
controls secretion of 
PTH by means of a 
feedback mechanism, 
A low blood-caicium 
level [A] triggers 
secretion of PTH. 

This in turn mobil- 

izes calcium from the 
bones [blue] and aids 
{ts absorption from 
the intestines [green] 
and reabsorption from 
the kidneys [pink] 

to boost the amount 
that is circulating 

in the blood. With a 
high blood-calcium 
level (B] the sequence 
\s reversed, Produc 
tion of the parathy- 
roid hormone is 
inhibited and conse- 
quently more calcium 
‘is laid down in the 
bones of the body, 


Unlike the adrenal cortex, the medulla is 
not essential to life. It yields two hormones 
whose effects resemble those produced by 
stimulation of the sympathetic nervous 
system. Adrenaline reinforces the role of the 
sympathetic nervous system in preparing the 
body for action in an emergency or stress 
situation [6]. The other product of the 
adrenal medulla, noradrenaline, is closely 
allied to adrenaline chemically and exerts 
similar effects. 

The pancreas, sometimes called the 
“salivary gland of the abdomen”, secretes 
pancreatic juice (made up of various 
enzymes) to aid the digestive process, and 
this is released to the duodenum by way of 
the pancreatic duct. But the pancreas also has 
an important endocrine function, secreting 
two hormones ~ glucagon and insulin which 
are concerned in the maintenance of blood- 
glucose level. Sites of production are the tiny 
islets of Langerhans ~ small masses of special 
endocrine cells interspersed throughout the 
ordinary glandular tissue [7]. Glucagon 
encourages the breakdown of glycogen, a 
carbohydrate storage material manufactured 


5 Situated just above of two separate func 
the kidneys, the two _ tional parts: an outer 
adrenal glands [1] layer or cortex 

are well supplied [4] and an inner med 
with blood entering —_ulla [5]. Only the 
directly from the cortex ~ secreting 
aorta [2] and trom ‘steroid hormones to 
control body cher 
try ~is essential 
to life, Taking up 


in the liver, and this process raises the blood- 
glucose level. Insulin has the effect of low- 
ering the blood-glucose level by facilitating 
the uptake of glucose in the muscles. Its fail- 
ure to produce sufficient insulin that is the 
cause of diabetes mellitus, or sugar diabetes. 


Maleness and femaleness 
Stimulated by secretions of the anterior 
pituitary, the gonads ~ ovaries in the female, 
testes in the male — secrete sex hormones. 
Together with the sex chromosones, these 
are responsible for maleness and femaleness 
— for the bodily characteristics distinguishing 
the sexes. The testes produce the hormone 
testosterone, The two ovarian hormones, 
oestrogen and progesterone, are essential to 
the reproductive cycle. 

Although the endocrine glands may 
appear to be independent of each other they 
do, in fact, achieve a close measure of 
collaboration, with hormones from one often 
influencing output from another [8]. With 
other constituents of the blood the secretions 
of these ductless glands form a supportive 
fluid medium for millions of body cells. 


6 Avivid example of 
a hormone at work is 
the way in which ad: 
renaline acts in 
response to fear, a 
powerful emotion 
that produces drama- 
tic effects on the 
body as a whole. It 


different cell types 
of the cortex release 
their products into 
the veins [6]. The 


medulla secrates two 
hormones which pre: 
pare the body for 
action in emergency. 


is the sudden re- 
lease of adrenaline 


mobilizing energy 
‘output and spurring 
the body to action. 
Specifically, 
triggers the follow. 
ing chain of events: 
[1] the frontal lobe 
altered; [2] the 
hypothalamus of the 
brain orders the ad- 
ronal medulla into 
production; (3] there 
is arapid release 
of adrenaline; (4) 
the pupils dilate; 
[5] hair stands on 
end; [6] blood readily 
coagulates; (7] the 
chest expands; [8] 
bronchioles dilate; 
[9] the heart dilate 
10] blood-pressure 
5; [11] muscles 
contract; [12] skin 
capillaries constrict. 
causing pallor: [13] 
muscle blood vessels 
dilate; [14] the 
bladder evacuates. 


7 The pancreas, lying 
next to the duodenum 
[1], 18a versatile 
gland producing both 
digestive enzymes 
and hormones. Pan- 
reatic tissue con- 
sists of thousands 

of lobules [21 
containing glandular 
alveoli [3], where 
‘enzymes are produced 
and released to the 
duodenum by way of 
the main pancreatic 
duct [4]. Glucagon 

and insulin, the two 
pancreatic hormones, 
are produced in the 
islets of Langerhans 
(S| grouped around 
capillaries [6] 

within the lobules. 


Key 


‘The endocrine glands 
secrete hormones dir 
ectly into the blood, 

which carries them to 


specific “target 
‘organs. The glands 
are: [1] pituitary, 

[2] thyroid; [3] para 


thyroid; [4] adrenal 
{5} pancreas: and (6| 
sex glands (gonads) ~ 
ovaries and testes. 


8 Aschematic plan of 
the endocrine system 
shows the reciprocal 
action ~ of feedback 
mechanism — govern 
ing the release of 
jones. Most influ 
is the anter 
ior pituitary [1], 
secreting “trophic"* 
hormones to trigger 
production in the 
thyroid [2], adrenal 
cortex [3], testes 
in the male [4] and 
ovaries in the fe- 
male [6]. These then 
affect the hypothal 
amus [6] and the pos 
terior pituitary [7] 
which in turn 
influence anterior 
pituitary activity. 
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The body’s natural defences 


A characteristic of all living matterisa certain 
resilience to disease and damage. The human 
body possesses a formidable array of such 
natural defences [Key]. If we are threatened 
our bodies have many resources at their dis- 
posal. These include an early-warning system 
of muscular reflexes to keep us away from 
harmful stimuli; frontier defences such as 
skin; the blood-clotting mechanism plus an 
emergency regime for dealing with excessive 
blood-toss; a chemical immunity system to 
overwhelm or neutralize potentially harmful 
germs; and mechanisms for the natural repair 
of damaged bone and soft tissue. 

In i 
There are several distinct groups of poten- 
tially harmful germs or micro-organisms. 
They are, in order of size, viruses, bacteria 
and protozor and can invade the body by way 
of contaminated food or water, during con- 
tact with other people or animals, through a 
wound or through direct inhalation in the air 
we breathe. Although many are harmless — 
and the presence in the body of certain of 
these microscopic organisms is essential for 


1 The blood-clotting 1 
mechanism isthe re- A} 
sult of a complex 


stances in the blood, 
Through the inter- 
‘action of blood plat 
lets, plasma and tissu 
clotting factors the 
soluble protein fibrin- 
ogen breaks 

fibrin th 

forms a mesh across 
the wound. Prior to 
injury (A) the fibrin- 
gen circulates in the 


wound while the clot- 
ting reaction takes 
place. Fibrin threads 
are laid down [C} 
‘across the site, 
Platelets and blood 
calls become trapped 
in the fibrin web 

ID]. This semi-solid 
‘mass shrinks, extru- 
ding serum (a yellow- 
ish fluid) andthe 

clot is formed. 


@& Tissue factor 
PF Plasma tactor 


( Fitvinogen 
© Platelet 

a 

D Red viood cot 
y 


7 Fern 


good health — some cause disease, 

The three frontiers through which these 
organisms invade are the skin (and the 
mucous membrane lining the mouth, vagina 
and other orifices, which is a derivative of 
skin) and the respiratory and digestive tracts. 
The skin has a slightly acid surface and is too 
cold and hostile an environment for most 
germs. An additional safeguard is sweat, 
which contains an enzyme able to break up 
bacteria. Delicate membranes such as those 
of the vagina are protected by acid secretions 
and by the presence of harmless bacteria that 
subdue disease-producing forms, 

At the entrance to the respiratory tract 
hairs in the nostrils filter out some unwanted 
particles; others are trapped in the mucus 
lining the nasal passages and are disposed of 
by way of the stomach. Farther on, foreign 
matter is wafted away by microscopic hairs 
known as cilia which line the trachea and 
bronchi of the lungs. And patrolling the 
internal surfaces of the lungs are special 
scavenger cells that engulf intruding organ- 
isms and signal a warning to the immune 
system. In the digestive tract — possibly the 


most hostile frontier of all - germs are 
destroyed by stomach acidity or by digestive 
enzymes produced in the intestine. 

If these various threshold defences fail, 
bacteria, viruses and the rest are free to set to 
work in the body, damaging tissue or 
releasing toxins (poisonous substances) to 
cause illness. Yet these germs usually cause 
disease only if they are allowed to muster in 
force ~ a situation often forestalled by the 
flushing action of various body fluids. 


‘The immune system and tissue repair 

When intruders do manage to take hold, they 
achieve the status of antigens. Now it is the 
turn of the immune system, the body's own 
chemical warfare division, to produce the 
antibodies necessary to fight off infection. A 
defensive mechanism dispersed throughout 
the tissues, the immune system consists 
Principally of front-line troops known as 
lymphocytes. These are particular kinds of 
white blood cells produced in the bone 
marrow, thymus and spleen and found in the 
lymph nodes that are located at intervals 
throughout the lymphatic system [5]. 


2 White cells are 
important in defence 
against bacterial 
infection such as 

that following entry of 
a splinter. The most 
numerous type, poly- 
‘morphonuclear leuco- 
cytes [1], surround 
infecting microbes [2] 


and prevent them 
from spreading to ad: 
jacent tissue, Mai 
polymorphs may be 
killed in the process 
and these form the 
pus. There are more 
to replace them and 
eventually the infec- 
tion js eliminated, 


Antigen 


Yorie, 


Antibody/antigen 
complex 


3 When an antigen 
enters the blood [A) 
it causes a prolifer- 
ation of lymphocytes 
(yellow) with spec- 
ific membrane-bound 
antibodies [8], These 
remain in the blood- 
‘stream for prolonged 
periods. If the 

intigen [C} 
attacks again, tho 
antibodies encounter 
the invaders and 
neutralize them, 


‘The oustanding feature of lymphocytes 
and other disease-fighting cells is their ability 
to “recognize” specific antigens and to pro- 
duce precisely the right antibodies to combat 
them. Antibodies work in different ways and 
each offers protection against only one dis- 
case. Some cause the antigens to clump 
together, making it impossible for them to 
spread; some coat the invaders with a sub- 
stance that makes them more readily inges- 
tible by phagocytic cells such as macro- 
Phages; and others neutralize the harmful 
‘oxins that are released by antigens [3] 

A sequel to victory over infection is the 
repairing of tissue. Wounds are healed bythe 
arrival of fibroblasts ~ cells that lay down 
strands of fibre forming a scaffolding into 
which new cells grow from the surrounding 
healthy tissue. Fibroblasts are also mobilized 
fo renovate tissue damage resulting from 
injuries such as cuts or fractures [6]. 


Blood clotting and conservation 

An important protective mechanism in the 
case of an open wound is the coagulation of 
blood [1]. The clotting process depends on 


4 Awound is first 


various physical and chemical changes but is 
due ultimately to the conversion of the sol- 
uble fibrinogen of the blood plasma into the 
jelly-like protein known as fibrin. Threads of 
fibrin from the blood clot and it is this 
Coagulation that arrests the flow of blood [4]. 
The body also employs techniques to 
make good the effects of blood loss, If the 
haemorrhage is severe there is a fall in blood 
Pressure, The severed vessel narrows and 
there is a tendency for the inner! lining to stick 
to itself. Other blood vessels near the surface 
of the body become constricted, thus con- 
serving an adequate supply of blood for 
direction to vital organs such as the heart and 
brain. Contraction of the spleen may add a 
Pint or more of blood to the general circula- 
tion to compensate for the amount lost. Also, 
since it is not immediately vital to replace red 
cells, the blood vessels borrow fluid from the 
tissues to restore volume to the circulation 
and bring blood pressure back to normal. In 
this way, with a natural “transfusion” of 
tissue fluid, a human being can survive the 
loss of up to a quarter of the total amount of 
blood that circulates in his body. 


Key 


pe 


sealed by a blood 
clot [Al. As healing 
progresses macro- 
phages move in [8] to 
remove wound debris 
‘such 8s dried blood, 
bacteria and dam- 
aged cells. When the 
fresh layer of skin 
Grows across the 

site [C] the remains 
of the blood clot 

are sloughed off 

in the form of a scab, 


valves (3) to pro- 


is a network of vent backflow. Lym- 
Iymphatie vessels 1] phatic nodes [a] are 
which collects tis- scattered along the 


i h ) lymph vessels but 
Snd conductek back particularly nthe 


(ream neck, armpits and 
Siwbrgesie —grotiniho'tenve 
clavian veins (2). around the nodes 
In the process it micro-organisms are 
transports nutrients destroyed by macro- 
from blood tocells phage cells, while anti 
and cell wastes body-synthesizing 
back into capillaries. white blood cells, t 
Lymph drains through lymphocytes, are 
the system but the produced in the 1 
lymphatics possess lymph nodules (5), 


The body fields an 
array of defences 
apart from the skin [10], 
Lachrymal glands {1} 
secrate tears to wash 
away foreign part- 
icles. Lymphoid tis- 
sues, important in 
the destruction of 
germs, include the 
adenoids and tonsils 
(21. Saliva [3] is 

an effective barrier 

fluid, Foreign matter 
is trapped by mucus 
in the nose and throat 
[4]. Lymph nodes [5] 
ase protective 


white blood cells. 

The liver [6] de- 
stroys germs and pro- 
duces substances 


pus a 
[7], Acid in the 
stomach (8] kills 
many germs; those 
reaching the intes- 
tine [9] succumb 

to digestive enzymes. 


@ Macrophage 
D 


{Bl Connoctive tissue 
(2 Cartilage 


6 A fracture is the 
term used for any 
break in a bone, 
whether or not the 
bone penetrates the 
skin. After an in- 
jury of this kind 
inflammation sets 
in and a blood clot 
forms, sealing the 
ends of damaged 
vessels [A]. Macro- 


then after one or 
two days, long, thin 
fibroblasts lay down 
‘a mesh or grid on 
which new tissue can 
grow [8]. A blastema 
or area of new 
growth develops 
and new bone is 
forged that links 
the broken ends [C]. 
Later remodelling 
strengthens the bone, 
restoring its true 
shape [D, E]. At 
least four to six 
weeks are required 
fora fracture 
to heal completely, 
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Breathing and the lungs 


Respiration is not simply a matter of breath- 
ing in and out; it is something altogether 
more complex ~ the process by which energy 
is released from food, Respiration is, of 
course, to do with the chest, lungs and blood- 
stream; with breathing (ventilation) and the 
intake of oxygen and removal of carbon 
dioxide (gaseous exchange); but it also 
involves every other part of the body, 
because it is at the cellular level that the 
release of energy occurs. In its widest sense, 
respiration is one of the most important 
aspects of the chemistry of living matter 


The structure of the lungs 
A continuous supply of oxygen is essential: 
deprived of oxygen, we rapidly lose 
consciousness and die. As the body surface is 
too small to absorb all the oxygen necessary 
to fuel millions of cells, humans and other 
complex animals have developed a special 
internal surface for breathing, This is the 
lining of the lungs, a vast expanse of up to 
70sq m (753sq ft) in the adult - over 40 times 
the surface area of the body 

The additional value of this internal sur- 


2 Breathing in(A) 
involves expansion 
of the rib-cage and 
lowering of the domed 


I, 
the chest subsides. 
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face is that it remains permanently moist and 
is protected to a great extent {rom damage 
and from the intrusion of bacteria, fungi and 
other threatening organisms. Thin as tissue 
Paper and interlaced with a network of fine- 
walled capillaries, the internal lining of the 
lung absorbs oxygen for rapid transfer to the 
haemoglobin of the blood. At the same time 
carbon dioxide, a waste product of cell 
metabolism, is released from the blood. 

The lungs, which weigh about Ikg (2.2Ib), 
are spongy and delicate rose-pink at birth, 
darkening to slate-grey or even black in later 
years. Covered with moist pleural mem- 
brane, they fill the deep thoracic (chest) 
cavily, corresponding to it in shape. The right 
lung consists of three lobes, the left lung — 
slightly smaller and indented to make room 
for the heart — has only two. 

The lungs receive air, already warmed 
and filtered in the mouth or nose, by way of a 
series of pipes: the pharynx (throat), larynx 
(*voice-box") [3], trachen (windpipe) and, 
where the trachea forks, the right and left 
bronchi which enter the lungs. Inside the 
lungs the two primary bronchi branch first 


into smaller bronchi, then into bronchioles — 
“twigs” of the respiratory tree. In turn the 
bronchioles subdivide into alveolar ducts 
leading into the air sacs or alveoli. 


How the lungs work 
It is in these hollow air sacs, lying bunched 
like microscopic grapes deep inside the lungs, 
that the actual gas exchange takes place. 
Capillaries of the pulmonary artery enmesh 
the alveoli, bringing stale blood close to the 
fine surface membrane. The alveoli them- 
selves secrete a thin film of liquid, with low 
surface tension, as. a medium for diffusion. 
The reoxygenated blood then returns via the 
pulmonary vein to the heart so that it can be 
Pumped once more throughout the body, 
refuelling distant cells with the essential 
oxygen that air contains [4]. 

When we breathe in, the thorax is 
enlarged due to a tightening of the muscles of 
the diaphragm (causing it to contract from a 
dome- to a saucer-shape) and of the rib-cage. 
which swings upwards and outwards. As the 
chest expands, the lungs must also expand, 
and the air inside them becomes rarefied, 


CONNECTIONS 


See also 
Danave ot 
breathing 
Heart and toad 
exeuiaion 


1 The mechanism of 
introduces 

air into the lungs 

for the exchange of 


ible windpipe ringed 
with cartilage. Upto 
25cm (10in) long, the 
trachea forks into 
the left and right 
bronchi [2], which 
enter their respecti 
Jungs. Each bron 
branches into se 
‘small segments o 
bronchi (3), torn 
inating ultimately 
inmorethan 
250,000 respiratory 
bronchioles (4), each 
about 0.5 milli- 
motre (0,02in) in 
diameter. Beyond lie 
the alveolar ducts 
leading into hollow 
alveoli [5], Here 

inthe alveoli, net 
worked with capillar 
ies [6] only one 

cell in width, dif- 
fusion occurs across 
afine membrane. 
Stale bloodis re- 
oxygenated and 
makes its way back to 
the heart (7]tobe 
Pumpedto each living 
cell inthe body, 
Carbon dioxide is 
eliminated from the 
Jungs in expired air. 


a 


forming a low-pressure area [2]. Air comes 
Tushing down the trachea to restore pressure. 
Tension in the diaphragm and rib-cage mus. 
cles slackens and the lungs revert to their 
Testing shape, pulling the thorax back to 
shape with them and, as they recoil the air 
inside them is compressed and some of it is 
forced out through the trachea, 

Quiet breathing —at intervals of from four 
{0 six seconds ~ involves intake of about 0,5 
litre (0.75 pint) of air [1]. Perhaps a third of 
this lingers in the bronchi and bronchioles, 
while the remaining two-thirds finds its way 
to the alveoli, Similarly, we breathe out 
roughly 0.5 litre at a single expiration. But, 
with a residual volume of 1 -1.5 litres (1.75 — 
2.5 pints), the lungs are never completely 
drained of air 

Once air reaches the alveoli, oxygen is 
diffused into the bloodstream and carbon 
dioxide passes out from the blood to be 
expelled from the body. In addition to its 
main purpose ~ trading fuel for waste pro- 
ducts ~ this exchange maintains the correct 
level of acidity in the blood. It is this acidity 
level that determines the rate of breathing. If 


3 Alt forced through 
the larynx or voice: 
box couses the vocal 
cords [1] to vibrate, 
Producing sound. The 
vocal cords fib- 
rous strands that 
stretch between the 
thyroid cartilage [2] 
and the two moving 
cartilages [3]. The 
epiglottis 4] drops 
over the larynx dur 
ing swallowing to 
‘keep out food. The 
trachea [5] is 
Supported by rings 

of cartilage [6] 


: 
breathing is too slow, a build-up of carbon “* 


dioxide causes slight acidification in the 
blood. This change in acidity level is moni- 
tored by special cells in the medulla of the 
brain and elsewhere, and these in turn signal 
deeper and faster breathing. In this way the 
acidity level is restored to normal. 


Cleaning the air 
To cope with the impurities in the air we 
breathe, the respiratory tract incorporates its 
own cleansing mechanisms. Supplementing 
filtration in the upper airways, the cilia — tiny 
hairs lining the bronchi and bronchioles —are 
at work all the time wafting mucus, laden 
with cell debris and foreign particles, 
upwards to the throat (this phlegm is swal. 
lowed and disposed of by way of the 
stomach). Larger particles, including germs, 
give an excess of mucus, and this has to be 
coughed up. Both the coughing and sneezing 
reflexes help blow detritus from the air pas- 
sages. At the end of the network, the delicate 
alveoli are kept clean by patrolling phago- 
cytes — scavenger white blood cells that 
engulf dust particles and bacteria. 


The sys 
tem's main compon- 


thetwo lungs rest 
onthe diaphragm, 


ents are shown here, 


\ 


Vital part of this 
cycle, involves: {1) 


exhaling stal 
12} breathing in 
fresh air rich in 
‘oxygen; [3] the ex- 
change of oxygen 
and.carbon dioxide; 
[4] the elimination 


main circulation to 
fuel the body cells, 
Carbon dioxide is 
expelied, along with 
water vapour col- 
lected inthe moist 
respiratory passage: 
when we breathe out. 
For respiration to 
take place, chemicals 
and oxygen must react 
together; carbon 
dioxide and water, 

the products of 
this reaction, must 

be removed (C}, The 
pulmonary artery 
conducts stale blood, 
dark with reduced 
haemoglobin, out of 
the heart. Reoxygen- 
ated inthe lungs, 

and now bright red 
incolour, itretuns 
tothe heart by way 
of the pulmonary 

vein to be pumped 
afresh around 

the entire body. 


TT] £02 in blood 
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[Ey * ver n con 
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C02 dissolved 
in moist film 


02 dissolved 
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The digestive system 


Every one of the millions of living cells within 
the body needs energy to function ~ energy 
that is provided by the food we eat, Placed 
side by side ten million cells would measure 
only about I millimetre (0.04in), yet each cell 
is a complex biochemical factory which must 
be supplied with its food energy in a precise 
form. The vast variety of solids and liquids 
that are taken into the body therefore require 
a great deal of processing — both physical and 
chemical ~ before they can be assimilated by 
the cells and used in the vital processes of 
growth and metabolism, 


‘The process of digestion 

Digestion is the process whereby foods are 
gradually broken down into their basic 
components: proteins into amino acids (to 
provide the building blocks for new pro- 
teins); carbohydrates (starches) into simple 
glucose; and fats into fatty acids and glycerol 
to provide the body with energy, This 
involves groups of enzymes (the body's 
chemical catalysts), hormones (chemical 
messengers) as well as nervous impulses and 
controlled muscular action, 


A 
1 The mouth iso is at the top of the 
gateway notonlyto trachea and its 
the digestive system —_ front is formed by 
but also to the res- the thyroid carti- 

i lage [4], s0 called 
because of its prox- 
imity to the thyroid 

[2] which is sup- gland [5]. The fla 


Ported by cartilage 
rings [3]. The larynx 


epiglottis {6} is 
fached to this car- 


3 
24 hours 


Oesophagus 


Stomach 


The intricacies of digestion are perhaps 
best understood by tracing the fate of a ham 
and lettuce sandwich during the 24 hours or 
so that it stays in the digestive tract [3]. This is 
a good example because it contains the three 
essential types of food: the ham is largely 
protein, the bread is rich in carbohydrate, the 
butter is fat and the lettuce provides a largely 
indigestible residue of cellulose. 

As the sandwich is eaten it is chewed up 
and mixed with alkaline saliva, which is sec- 
reted by three pairs of salivary glands 
situated round the jaws. The saliva pours into 
the mouth via small ducts under the tip of the 
tongue and in the cheeks. [1] 

At this stage digestion has already begun 
because saliva contains a digestive enzyme, 
known as amylase, which acts on starches (in 
this case the bread) and begins converting 
them to maltose, a soluble form of sugar. 

Each mouthful is formed into a ball-like 
‘mass (bolus) which is pushed by the tongue to 
the back of the mouth and propelled down 
the gullet (oesophagus) into the stomach. Itis 
conveyed not merely by gravity but by peris- 
talsis ~ strong, rhythmic, wave-like contrac- 


takes place within 
the digestive tract, 

@ coiled tube some 
10m (33ft) long which 
links mouth to anus. 
Food is passed down 
the oesophagus [1] 
to the stomach [2 


tilage. Food, mixed 
with saliva, is formed 
into a bolus [7] and 
pushed by the tongue 
[8] into the pharynx. 
During swallowing 
1A, B] the soft palate 
[9] blocks entry to 

the nose and the 
epiglottis closes. 


3 Atypical time 
seale for the 
passage of food 
through the digs 
tive tract relate: 
each part of 
system to the time 
‘on the clock. 
Correct timing is 
essential for two 


stay in the stomach 
and smaill intestine 


long enough to allow All biood passes tvough the 
Completa breakdown kidneys where waste mates 
of protein, fatand ered out This 
carbohydrate; and the two milion idey ont or 


Fesidue must pass nephrons. It 
through the large txtimated that inthe process 
intestine slowly between 170 and 200 lites 


(37-4 and 3:9 gallons) of 
{uid are filtered out evary 

24 hours of which 89 per 

cont Is reabsorbed 


enough to allow 
water to be reab- 
sorbed into the body. 


tions of the wall of the oesophagus. Commections 

When it enters the stomach, the food is See also 
thoroughly mixed with gastric juice by the eerste) 
churning action of the stomach’s strong mus- Diseases of the 
cular walls. Between one and two litres (two roneaiont 
to four pints) of juice are secreted daily by Dentiry 


glands in the stomach lining [2]. This j 
consists of strong hydrochloric acid, prot 
tive mucus and pepsin, the first digestive 
enzyme to act on protein in the food (the ham 
in the sandwich). 

After an hour or so the sandwich has been 
reduced to a pulp (chyme) and is ready to go 
into the duodenum, the first short curved sec- 
tion of the small intestine. 


In the small intestine 

‘The small intestine is so called because of its 
diameter rather than its length, which totals 
some 7m (about 23ft). The bulk of digestion 
and absorption into the surrounding blood 
supply takes place within its length. 

Chyme passing from the stomach into the 
small intestine encounters another dramatic 
change of environment, this time from acid to 
alkaline, as it mixes with digestive juices 


where it is partially 
digested. Chyme is 


liver [5] and enzymes 
secreted by the pai 


pouch at the start 
of the large in- 


released into tht creas [6]. Most absorp- testine. At one end 
duodenum [3]—the tion occurs in the of the caecum is the 
first part of 7m jejunum and ileum, ——_10¢m (4in) long verm- 
(23H) of small the remaining parts —_iform appendix [9] 
intestine. The duo- of the small intest- which serves no use- 
denum receives bi ine (7). Any residue ful purpose in man. 
bythe gall passes into the Water is reabsorbed 
bladder (4) in the caecum (8), the in the colon [10] 
Faeces form and col- 
lect in the rectum 
[11] before being 
expelled as waste 
through (121. 


Many of the wastes. 
that result from cell, 
metabolism are fitter- 
lood by 
{13} Into 


bladder [15] where it 
is stored until voided 
via the urethra (16), 


Muscular contraction of 
the stomach wail churns 
00d, mixing it with 
(gastric juice which includes 
hydrochloric acid. This 
‘enables the enzymes to 
1d at the same time 
many of the microbes 
in with the food 


‘Acid chyme squirts into 
‘the duodenum through the 
pyloric sphincter and is 
‘neutralized by alkaline 
ons of the pancreas 
‘which enter the intestine 
through the same duct 
bile from the gall bladder 


ymylase 
(which acts on starch) 
‘ipase (which acts on fats) 
Fat digestion is also aided. 
by the action of bile 


Digestion is completed 
Jn the small intestine, 
Further enzymes mix with 
{he food, which is ultimately 
reduced to amino acids 
(Irom proteins), sugars 
(trom starches) and glycerol 
‘and fatty acids (from fats) 


The residue that passos 


ile pigment. 
‘Thoy are expelled vi 
the rectum and the anus 


Pouring into the duodenum from the pan- 
creas and gall bladder, 

The pancreas is a gland about 18cm (Tin) 
long. It plays a vital role in digestion by 
secreting digestive enzymes that act on 
carbohydrate, protein and fat. 

The digestive process is further aided by 
the emulsifying effect of bile, a thick, green, 
bitter liquid formed by the liver and stored in 
the gall bladder. 

The lining of the small intestine also sec- 
retes a whole range of digestive enzymes, 
collectively known as the succus entericus, 
and protein, carbohydrate and fat all finally 
become amino acids, glucose and glycerol 
and fatty acids. 

Absorption of these digested substances 
into the bloodstream is the next essential step 
in the provision of nutrients to the cells. The 
lining of the small intestine is heavily folded — 
to increase its surface area ~ with thousands 
of minute finger-like projections known as 

villi [4, 6]. These waft to and fro in the intes- 
tinal contents, which are thus brought into 
intimate contact with the rich supply of blood 
capillaries and lymphatic vessels that lies 


6 The small intes- 
tine’s internal sur- 
face 


ea is greatly 
increased by the pres- 
ence of microvilli, 


tus. Amino acids and 
sugars pass into the 
capillary network [1]; 
fatty acids and 
glycerol enter the 
lymphatic system via 
‘® central lacteal (2), 


within each villus. 

Amino acids and glucose diffuse across 
the membrane of the villus into the blood 
capillaries and the fatty acids and glycerol 
enter the lymphatic cells to be transported to 
the liver which acts as the body's chief 
storehouse and also as a breakdown plant 
and as its chemical factory. 


Eliminating waste 

By now the sandwich has been digested, 
absorbed and processed by the liver. But 
most of the lettuce remains as indigestible 
cellulose at the end of the ileum. It Passes 
together with great quantities of gastric 
secretions and other debris, through the 
ileocaecal valve into the caecum, the pouch at 
the start of the colon, the main part of the 
large intestine. The principal function of the 
large intestine is the retrieval of water and 
important chemicals by reabsorption into the 
bloodstream. The colon disposes of the waste 
‘material ~ all that remains of the ham sand- 
wich eaten many hours before - through the 
anus in the form of faeces, a large percentage 
of which is dead bacteria. 


4 The digestive tract 6 A 
has the same basic 
structure throughout 
its length. The wall 
has four layers: the 


stomach [9] and smal 
intestine (10) the 
mucosa is greatly 
folded. In addition 
the small intestine's 
mucosa has many 
fine projections 

(villi) [11], The wall of 
the duodenum is also 
perforated by the 
duct of t 
gland (12), 
Suspended from 

the abdominal wall by ® 
connective tissue, 

the mesentry [13]. 


7 Wn each kidney's 
fibrous capsule (1) 
there are three 
distinct zones: an 
outer cortex [2]; a 
medulla region (3) 
with pyramidal-shap- 
ed areas; and an inner 
elvis region [4] 
Which leads to the 
ureter [5]. The renal 
artery [6] branches 


aries in close 
‘association with 
complex system of 
tubules which filter 
wastes from the 
blood and convey 
them to the ureter. 
The capillaries 
ultimately unite to 
form the renal vein 
17]. Urine is pro- 
pelled down the 
ureter by wave-like 
contractions into the 
muscular bladder [8], 
and this when full 
contracts, expelling 
urine from the body 
down the urethra (9). 


intestine 1}, solid 
waste products a 
excreted via the 
large intestine 2), 
Wastes from cell 


a 
passed back into the 
intestine via the 
bloodstream and the 
liver [3] or excreted 
inthe urine via 

the kidneys [4], 


5 The liver (A) 
receives products of 
digestion via the 
portal vein [1] and 
oxygenated blood via 
the hepatic artery (2), 
Blood is drained by 
the hepatic vein (3]. 
Bile is stored in 

the gall bladder (4). 
[8] The liver con- 
sists of lobules (5), 
‘each formed by col- 
umns of cells [6] 
round a central vein 
{7}, Portal tracts 

[8] carry branches of 
the hepatic artery [9], 
Portal vein [10] and 
bile duct [11]. Liver 
functions include 
synthesis of fats 

Nd storage of min- 
erals and vitamins 


8 In the renal medulla 
{1} a variety of mater- 
r@ filtered from 
the blood via knots of 
capillaries called glom- 
‘eruli [2] into Bow- 
‘man’s capsules (3) 
which are part of the 
kidney’s tubule system. 
As liquid flows down 
the tubule or nephron 
14] its water content is 
adjusted and valuable 
substances are reab- 
sorbed into the blood 
via capillaries (5) 
Jeaving only urine [6] 
The tubules converge 
in the renal pelvis (7), 
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A healthy diet 


All living things need food to grow and to 
maintain life. Man must eat to obtain the 
energy that fuels his muscular activity and 
his basic bodily processes ~ tissue growth, 
breathing, heartbeat and so on. The aim of 
good nutrition is a balanced diet [Key] sup- 
plying him with just as much energy as he 
needs and no more. 


Energy sources 
Foods vary widely in their energy value (1] 


The most commonly known unit for 
measuring these differences is the kilo- 
gramme calorie or kilocalorie (Cal) - the 


amount of heat needed to raise the tempera- 
ture of a kilogramme of water one centigrade 
degree. In most diets, the principal energy 
foods (though not necessarily the highest in 
calorific value) are carbohydrates, the simp- 
lest of which are sugars like glucose. A 
molecule of sucrose (cane or beet sugar) con. 
sists of two simple sugar units chemically 
linked together. Starch molecules are chains 
of up to a few hundred such units. Most of the 
staple foods which provide the bulk of 
people's diets are plant organs containing 


1 Weight for weight 
pure fat supplies 2.25 
times more energy 
than carbohydrate (Al 
Any protein surplus 
to the body's need 

for tissue growth 

and repair can also 
supply energy. Simply 
to keep their meta- Z 
bolism going, children 
use far more energy 
per kilogramme 

of their body weight 
than older people 

do [B}; they also 

need much more pro 
tein in proportion 


2 Certain foods are 
important sources of 
carbohydrate [A\, fat 
1B), protein (C! or 
roughage [D]. Except 
for some refined 
products like cane 


to their size Sugar, most foods 
contain several 
i different nutrients, 
wA 


Reno ove oo 


reduction of energy 
per gram 


6 months 56 Cal 
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chy food reserves; for example, cereal 
seeds like wheat, rice, millet and maize, or 
tubers like potatoes and yams. 

Energy is not available from all carbohy- 
drates. Cellulose is a carbohydrate occurring 
in all green plants, making up cell walls, the 
tough fibres of leaves and stems and the outer 
coats of cereal grains (bran); these materials 
are almost unchanged in the human gut 
Although without food value. this roughage 
is useful in helping the passage of food 
through the digestive system. 

Fats are energy-rich foods and certain 
constituents of fats are probably essential ina 
balanced diet. They are important foods in 
wealthy countries, but people living in 
Poverty may eat very little fat and sometimes 
suffer from a lack of fat-soluble vitamins, 
especially vitamins A and D. 

How much fat is desirable in a healthy 
diet has still to be established, Many believe 
that there would be nutritional advanta 
@ reduction in the high intake of fats common 
among prosperous communities and in the 
replacement of some animal fats with those 
of vegetable origin 


Milk provides carbo. 3 
hydrate, fat, pro: 

tein, calcium and 

soma vitamins. Even 

potatoes contain 

Protein and vitamin 

Cas weil as energy: 

rich carbohydrate, 


Office worker 


Manual labourer 


Pregnant woman 


2 years 51 Cal 


Protein molecules are large assemblages 
of simple units called amino acids. Different 
Proteins contain varying proportions of the 
20 or so common amino acids. During diges- 
tion, food proteins are broken down into 
their constituent units, which are absorbed 
into the blood and then reconstructed into 
the various proteins needed by the body, 
including enzymes, contractile muscle pro- 
tein and blood-plasma proteins 


Essentials of health 

Some amino acids are interconvertible but 
about ten are synthesized in the body only 
very slowly. Sufficient of these “essential 
amino acids" must therefore be present in 
any balanced dict. Animal proteins like those 
in meat, fish and eggs are rich in essential 
amino acids. Cereals and vegetables contain 
comparatively little protein; most plant pro- 
teins, moreover, are relatively low in essen- 
tial lysine and methionine. Many poor people 
rely largely on plant foods, with meat and fish 
as rare luxuries, and their protein intake is 
thus both restricted and of poor quality [7] 
Protein-deficiency symptoms [6] usually 


c 


250 2.000 


3 People’s daily 
energy needs vary 
widely. At work, a 


labourer uses more 
enorgy than a clerk 
does, A big man 
will consume more 
energy walking a 
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kilometre than wilt 
a child or a small 
woman. A restless, 
excitable person 
may also need more 
energy than his 
placid brother 


appear in such communities, especially 
among young children, who need plenty of 
protein during the process of growing and 
building up new cells and tissues 


Dietary influences 

A diet of carbohydrates, fats and proteins 
alone will not keep people healthy, A wide 
range of organic compounds, collectively 
called vitamins {4}, and a number of inor- 
ganic substances ~ minerals [5] - are essential 
na balanced diet, though many of them are 
needed in minute amounts only. Mineral and 
vitamin deficiencies occur even among other 
wise well-fed people, especially if they 
choose a restricted range of foods rather than 
a varied diet 
instance 
countries 
require by 


Iron-deficiency anaemia. for 
is widespread in the developed 

Many governments therefore 

law the fortification of certain 
staple foods. Calcium and iron are added to 
bread-making flour and vitamins A and D, 
normally present in butter, are added to the 
margarine that may replace it, Fluoride is 
sometimes put into water supplies that do not 
naturally contain the element and iodine is 


the 


4 | Vitamin > oils, Vitamin k 
is produced by 
micro-organisms in 
the gut, while any 


i 
& Z| capes 
aT 7 


TO] ine et 


ney of these 
Ken | 


two vitamins can: 
Vitamin & 


not therefore be 
positively identi 
fied. Some vitamin 
Dis produced in 
f the skin on ex. 
| posure to suntight, 
but this is insuf 
ficient except in 
7 sunny climates, 
Children receiving 
too little vitamin 
7 Dcannot absorb cal 
cium properly and 
their bones become 
soft and detormed, 
with swollen joints 
This condition 
(rickets) is also 
produced by lack of 
calcium. Vitamin A 
deficiency leads to 
eye damage with 
eventual ulceration 
and blindness (kera 
tomalacia), Though 
they are essential 
nutrients, vitamins A 
and Dare poison: 
ous in large doses. 
The vitamin B group 
of water-soluble 
compounds, including 
niacin and folic 
acid, is involved 
in cell enzyme sys 
tems. As vitamin B 
is generally found in 
meat and the bran of 
cereals, deficiencie 
of itare more 
likely in poor com 
munities where 
staple cereals are 
milled and little 


V 


Vitamin 


Vitamin 8, 


Mey 


Vitamin By 


Vitamin ¢ 


Nicotinic 
acid 


in produces 
skin eruptions and 
mental disorder 
(pellagra). Vitamin 
C, found in fresh 
vegetables or fruit, 
is easily lost in 
cooking and storage. 
Lack of it caused 
sailors to suffer 


4 Vitamins essential 
to health are found in 
great quantity in liver 
milk, green vege 

tables, legumes and 
corn, Fatty foods 

provide the chief 

source of vitamins from scurvy, with 
K.D,AandE,which swollen gums and 
are soluble infats and — internal bleeding 


added to common table salt in some districts, 

People’s customs and taboos can influ- 
ence their diet in ways quite unconnected 
with the needs of their bodies, Many people 
like the sweet taste of sugar, forinstance, and 
cat large amounts, even while being aware of 
the probable consequences — obesity and 
dental decay. Most Europeans refuse to eat 
caterpillars and a devout Hindu will not eat 
beef, although caterpillars and beef are both 
nourishing high-protein Only in 
extreme conditions, such as famine, are such 
behaviour patterns likely to break down. 
Physical idiosyncracies can also affect diet by 
making certain foods unacceptable: wheat 
and wheat products are poisonous to people 
with coeliac disease, while in parts of Asia 
Africa, there are many adults who. 
though quite healthy, cannot digest milk 

When a meal is eaten, the proportion of 
futrients actually absorbed by the body 
depends partly on the efficiency of digestion 
This is reduced by anxiety, grief, weariness or 
ill-humour and enhanced by comfort and 
tranquillity. Digestion also improves when 
the meal is eaten with enjoyment 


foods. 


and are 


5 


6 Deficiency 
diseases caus 
| lack of vitamins 
{ A clude rickets [A], 
keratomalacia (8) 
pollagea (C} and 
scurvy [D]. Kwash. 
\orkor [E] appears 

4 in smali children 
who lack prot 


d by 
Nv 


5 Vital minerals are 
found in several 
foods. Those sup 
plying iron help 
‘oxygen exchange 
Calcium and phos: 
phorus are n 


7 The average daily 
jet of a child in 
India (shown here) is 
poor, consisting of 
rice with some veg 
etables and dried fish, 
Since this lacks es: 
sential proteins and 
vitamins, health and 
life expectancy is low. 


components af bone, 
together with mag. 
nesium. lodine is 
needed for the hor 
mone controlling 
metabolic rate, Ai 
though sodium chlor 
ide (salt) is found 

in most diets, extra 
quantities may be 
needed in hat coun: 
tries where people 
lose salt in sweat 
Potassium is im 
portant in nerve and 
Je function and 
fluorine, found 
chiefly in drinking 
water, protects 
children’s teeth, 


Key 
A balanced diet for 
a fairly active man 
would supply about 
3,000 calories daily 
with adequate pro 
tein, minerals and 
vitamins. The cal: 
orific value of foods 
common in Western 


diets makes this 
intake comparatively 


easy to achieve, ep 198Ce! 


55 Cal 


440.Ca! 


42Cal 


often on abrupt wean: 
ing. The child's stom: 
ach is swollen and its 
muscles wasted, 
Growth may be 
stunted and the brain 
damaged. lodine 
deficiency causes 
goitre, a chronic 

neck swelling |F) 


8 An over-rich daily 
diet produces 

a surplus that the 
body stores as fat 
Obesity is the most 
common kind of 
malnutrition in 
wealthy societies 
fond of fatty 

and sugary foods. 


triticale, which is 
aheavy-vield 
wheat-rye hybrid 
Yeasts and bacteria 
from petrochemicals 
or industrial wastes 
can be made into 
animal feeds but 
the products are 
not necessarily 
suitable for human 
consumption 


9 New sources of 
protein for the 
world’s expanding 
population are being 
investigated. Farm: 
ing of fish and big 
game like antelope 
is increasing, Gen. 
eticists have devel: 
‘oped more efficient 
livestock breeds and 
new cereals like 
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Reproduction 


Sex has two attributes that are sometimes 
separate and sometimes indissolubly linked. 
One is strictly physiological - the makingof a 
new human being. The other is emotional ~ 
the expression of the affection, love and pas- 
sion of two people. Few cultures have sought 
to make children without, at least, affection; 
many cultures have sought to make love 
without making children as a necessary 
consequence. 


‘The male and female reproductive systems 
Reproduction is possible only if a female 
germ cell (the egg or ovum) is fertilized by a 
male germ cell (the spermatazoon). The 
reproductive system of the human female is 
designed for the monthly production of these 
eggs by the ovaries and for the accommoda- 
tion and nurturing in the uterus of the 
growing fetus for the nine months until birth. 
The male system is required to produce 
sperm and transfer them to the female 
reproductive tract [Key] where they can 
come into contact with an ovum, 

The female external genitals are known 
collectively as the vulva, At their front limit is 


1 


8 [2], which produce 
‘every day millions of 
‘sperm in the convol- 
uted seminiferous tu- 
bules [3]. The sperm 
are formed from the 
cells lining the outer 


pushed towards the 
centre by newly form- 
ed cells. Once ready 
they are stored in the 
adjoining epididymis 
14}. During coitus, 
these pass along the 
vas deferens (5] to the 
urethra [6], which 
also carries urine: 
from the bladder (7). 
‘The seminal vesicles 
{8}, prostate (9] and 

‘s glands (10) 
all secrete fluids into 
the urethra, helping 
to make semen, 


3 Just before orgasm, 
the penis, which is 

at its maximum length, 
exudes drops of sem- 
inal fluid, These may 
contain viable sperm 
which is why with- 
drawal is ineffective 
‘as a contraceptive 
method. On orgasm, 
muscular contractions 
occur at the base of 
the penis and bring 
about ejaculation. 


D erectite tissue 
I vas deterons 
BW Prostate 
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the mons veneris or mons pubis, a fatty 
mound over the pubic bone. Running down 
from the mons veneris are two folds of skin, 
the labia majora, which surround two smaller 
folds, the labia minora. Behind these lies the 
clitoris, a small organ which is an important 
source of arousal and corresponds to the 
male penis. 

The vaginal opening lies within the labia 
and is almost closed off in young girls by the 
hymen, a thin membrane normally torn the 
first time that a woman has intercourse, 
though it can be ruptured earlier by violent 
exercise or injury. 

The vagina [2] is a muscular tube some 
10cm (4in) long which grips the penis during 
intercourse. It is here that semen is deposited 
at ejaculation and the sperm must then pass 
through a narrow neck or cervix before 
entering the pear-shaped, 8cm (3in) long 
uterus. Two Fallopian tubes about 10em 
(4in) long connect the uterus with the two 
walnut-sized ovaries that are situated within 
the protection of the woman's abdomen. 
Every 28 days the ovaries shed one ripe egg. 
which enters one of the Fallopian tubes and 


2 


vaginal sp 


BD Lavi maiora 
Labia minoea 


D vagina 
Bites 


Clitoris 


tractions of the womb. 


passes down into the uterus, The ovaries are 
also responsible for the production of the 
female sex hormones: progesterone and 
estrogen essential to fertilization. 

Most of the male reproductive system [1] 
lies on the outside of the body. The visible 
Parts are the penis and the testes, which are 
suspended in the bag-like scrotum, Normally 
the penis is limp and flaccid but it becomes 
erect when the man is sexually excited. Erec- 
tion [3] is brought about inside the penis by 
spongy tissue, called corpora cavernosa, 
becoming gorged with blood. The two testes 
are continually producing sperm within their 
numerous tiny coiled tubes and these sperm 
are then stored in a long tube, the epididymis, 
which winds over the surface of each testis. 
The bulk of ejaculated semen, however, is 
composed of a fluid which is produced by the 
seminal vesicles, the prostate gland and Cow- 
per's gland which lie within the body. 


Sperm, egg and fertilization 

In a single emission of semen a man may 
release about 250 million sperm, However, 
only a few hundred of these minute tadpole- 
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2 The female repro- 
ductive organs lie 
within the pelvic 
girdle [1]. The 
ovaries (2] usually 


‘allopian tubes 
[4], Embedded in 
the ovaries of tl 


our 
sand of the follicles 
that can potentially 
develop into eggs [5]. 
Only a few hundred 
‘of them will do so, be- 
coming mature eggs 
which, when they 

are ripe, are caught 
by the fimbria [6] at 
the end of the tubes, 
near the site where 
fertilization usually 
‘occurs. The woman's 
urinary system [7], 
unlike the 


like cells, with flattened heads and long tails, 
will actually reach the egg high up in the 
Fallopian tube and only a single sperm will 
penetrate the egg to produce a viable zygote 
{6}. After penetrating the membrane of the 
‘ovum the sperm loses its tail and middle sec- 
tion as it enters the protoplasm. The head 
swells in size and is now known as the male 
pronucleus. The nucleus of the ovum under- 
‘goes similar changes and then both pronuclei 
fuse together. Fertilization is now complete 
and the zygote begins to divide intoa number 
of cells, at the same time moving down the 
Fallopian tube to the uterus. This journey 
takes about a week to complete, by which 
time the fertilized ovum has developed intoa 
ball of 32 or 64 cells. The ball fills with fluid 
and the cells lie on the surface. It is at this 
Stage of development that the young embryo, 
called the blastocyst, attaches itself to the 
lining of the uterus. If the ripe egg is not fer- 
tilized then itis this uterine lining that is shed 
during menstruation, which occurs, on 
average, every 28 days [5] 

The monthly shedding of the egg by the 
female occurs between the ages of puberty, at 


5 The menstrual Aripened follicle in 
cycle lasts on average an ovary bursts open, 
2B daysand occurs —_releasing a single, 
regularly from puberty minute egg. Empty, 
tothe menopause, —_the follicle now 


Fimbria 


6 Fertilization usu- 
ally occurs high in the 
Fallopian tube. Many 
‘sperm reach the 
‘ovum, but only one 
will fuse with the egg 


Call division begins, 
to form the zygote [1]. 


18 ovum continuing 


Mature 
follicle 


about 12 years, and menopause in the middle 
forties ~ a lifetime total of maybe only 500 
eggs are produced by the ovaries, 


Physiological changes during coitus 

Only in recent years have the physiological 
changes that occur during coitus been 
scientifically studied. The initial excitement 
phase is caused by imagination, stimulation 
of the senses and close body contact. Once 
aroused, the penis becomes erect and the 
vagina moist and distended [4]. During the 
following plateau phase tension and excite- 
‘ment mount; if stimulation continues and is 
not deliberately controlled, orgasm results 
and tension then subsides, 

Infertility, the inability to conceive, is 
variously caused, In about 40 per cent of 
cases it is due to male sterility. In women it is 
due to hormonal deficiencies or physical 
obstruction. Often childless couples are 
subfertile and surgery or hormonal treatment 
(fertility drugs for the female) change the 
situation. Impotence, the inability to perform 
coitus, can be caused physiologically 
(through disease or drugs) or emotionally, 


turns into a corpus the influence of LH 
luteum (yellow body) (luteinizing hormone) 
and secretes two hor- produced by the 
‘Mones, progesterone itary gland. These 
and oestrogen, under work together in the 


Developing 
tollicle 


to sub-divide (2-4) 
into two, then four and of cells known asthe 


0 on, until a whole ball 


bloodstream to build 
up the endometrium 
or uterine lining. If 
the egg is fertilized, 0 
rich bed is ready for 


Blastocyst 


‘morula [6] is formed. 
A fluid-filled cavity 


Muscular layer 


it. not, during 

the next 14 days, the 
corpus luteum, 
withers, ceasing hor- 
‘mone production, The 
uterine lining then 
breaks down, causing 
the menstrual flow 


week after fertilization, 
it reaches the uterus 
and enters. 


cavity [8] develops, 
and the ball of cells 
splits to become the 
two-layered disc [9] 
which will form the 
actual embryo. Some 


of blood to pass 

through the vagina. A 

new cycle of some 28 

days has now begun. 

FSH (follicle stimu- 

lating hormone) 

promotes new | 
follicte development. 


Fallopiun tube 


six days later, the 
bottom layer of this 
germ disc grows to 
form the yolk sac 10}. 
Outer cells form the 
placenta [11]. The 
amniotic cavity grows, 
surrounding the 

disc until itis joined 

to the outer layer 

bby the body stalk only 
(12) which wilt 

bbe the umbilical cord. 
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Pregnancy 


Pregnancy is the nine-month period during 
which a single cell is transformed into a 
human being. A missed menstrual period is 
usually considered the first sign of pregnancy, 
but there could be other reasons for a break 
in the cycle - emotional factors, ill health or 
the approach of the menopause. The most 
reliable tests are the biological and 
immunological tests carried out on a sample 
of urine. A pregnant woman's urine contains 
chorionic gonadotropin (CG), a hormone 
produced by the placenta. In the biological 
tests a little urine is injected into a young 
‘mouse, rat or toad which will ovulate ina few 
hours if CG is present, In the immunological 
tests CG inhibits the combination of rabbit 
blood serum containing CG antibodies with 
Particles of red blood cells coated with CG. 


Early 

After confirmation of the pregnancy, it is 
then relatively straightforward to calculate 
the approximate date of birth, as long as the 
cycle is the normal 28 days you merely count 
forward nine months and seven days from the 
first day of the last menstrual period. 


1 Afterfertilization, 

the menstrual cycle 

is normally suppres: 

sed because the em- 

bryo prevents the uter- 

lining being shed; y 
at 6 weeks, a tiny new- , 
formed embryo is 

recognizable within 


op. By 8-10 weeks, 
‘main internal organs 
bs 


formed, |i 
t 


in) long, Facial 
contours and external 
genitals soon appear 
and a fine down 
(lanugo) will soon 
cover the fetus. 
Growth is now rapid; 
by 22 weeks, strong 
movement can be felt, 
within the uterus, 


baby is covered with 
vernix, a protective 
greasy matter. Fully 
formed by 36-38 
weeks, the baby's 

head will engage, de- 
scending into the pelvis 
in readiness for birth, 
about 40 weeks after 


Even at this early stage the expectant 
mother is generally advised to go to her 
doctor or clinic for examination. Height and 
weight will be measured, blood pressure 
recorded and the breasts examined. An 
internal examination isalso common practice 
in order to detect any infection or abnor- 
mality such as the uterus being tipped back- 
wards or an ovarian cyst. Usually, no other 
internal examination will be given until the 
36th week of pregnancy. 

Blood tests will be taken at regular inter- 
vals. The mother's blood group must be 
noted in case, at any later stage, a transfusion 
becomes necessary. The tests will also tell 
whether the mother is anaemic and, further, 
whether she is Rhesus positive or Rhesus 
negative. Most people have an Rh (Rhesus) 
factor in their blood and are therefore termed 
Rhesus positive. But some do not, They are 
the Rhesus negative group. Special care is 
needed in the case of an Rh negative woman 
having a child by an Rh positive man. If the 
baby’s grouping turns out to be Rh positive, 
then any of the baby’s blood which chances to 
enter the mother’s circulation through the 


d y 


placenta will cause production of antibodies. 
In themselves the antibodies do no harm, but 
during a subsequent pregnancy these 
antibodies may get into an Rh positive baby’s 
circulation, causing anaemia and jaundice. 
Potential danger can be avoided by giving an 
affected child transfusions at birth (or, in 
extreme cases, while still in the uterus) or by 
giving the mother a special injection to pre- 
vent these antibodies being formed. 


Physical 
During the 40 weeks of pregnancy there isan 
increase in the breast size due to hormone 
activity and increased blood supply in 
preparation for feeding [4]. Some women 
also notice an increase in pigmentation of the 
skin, and a darkening of the area around the 
nipples will usually begin in about the 14th 
week, although it may be earlier in dark- 
skinned women. Morning sickness is another 
fairly common symptom of pregnancy 
Nausea of this kind may be due to hormonal 
changes, deficiency of vitamin B, a sudden 
drop in blood pressure on getting up in the 
morning or pressure of the enlarged uterus. It 


the last period, 


Missed period 


4 wooks 


14 wooks 


18 weeks 


navolemant 


2 Twin births occur 
approximately once 
in every 90 deliver- 
les. Identical twins 
[A] are always the 
same sex and develop 
from one egg which 
Splits into two 
after fertilization, 
each fetus sharing 
the same placenta 
but with its own 
amniotic sac. 
Fraternal twins (8) 
be of 


ferent spermatozoa. 


rarely continues for more than three months. 

Clearly weight will increase, but the 
general aim should be to gain no more than 8- 
kg (18-201b) throughout pregnancy, Back- 
ache is a common complaint in the later 
stages, but can be prevented by correct 
posture and well-fitting shoes. The increased 
urge to urinate is caused by the enlarged 
uterus pressing on the bladder, and a ten- 
dency to constipation may be due to pressure 
on the bowels, although this can be avoided 
by eating plenty of fresh fruit and vegetables. 

Toxaemia of pregnancy is an extremely 
serious condition with symptoms of speedy 
weight gain, swelling of the hands, feet and 
face and an increase in blood pressure. Treat- 
ment involves rest, reduction in salt intake 
and perhaps the taking of drugs to remove 
excess fluid and ease the swelling, 


A healthy pregnancy 

A wholesome diet is vital, since the fetus 
derives all nourishment from the mother; but 
there is certainly no need for the mother to 
“eat for two". She does need a great deal of 
iron, as the fetus will take a large amount 


from her system to form its own red blood 
cells. Providing excess fatigue is avoided, a 
normal amount of exercise is perfectly safe. 
Smoking affects the blood supply to the 
uterus, so reducing oxygen supply to the 
fetus. Thus women who smoke more than ten 
cigarettes a day may retard the normal 
growth of their fetuses. Drugs should never 
be taken except under medical supervision. 
Rubella (German measles) is known to be 
potentially dangerous to the fetus if con- 
tracted by the mother in her first 12 weeks of 
pregnancy: it may affect the baby's heart, 
sight and hearing. If rubella is contracted 
after 12 weeks there is no real risk, as the 
heart, ears and eyes are already developed. 
Earliest fetal movements (quickening) 
will generally be felt at about 18-20 weeks, 
reaching their most vigorous at 30 weeks. As 
carly as the 7th week, fetal heartbeats can be 
distinguished by ultrasonics, Usually at about 
the 30th week the baby turns so that its head 
is then down, But even if it does not turn, a 
doctor can usually move the baby quite 
simply and painlessly to this position. Nor- 
mally, after 40 weeks birth is imminent, 


3 During preg 
all nourishment is 
obtained from 


are carried in blood 
pumped by the heart 
[2] into the placenta 


‘and oxygen (red) 
pass continuously 
from the maternal 


[green). Waste pro- 
ducts [blue] pass in 
the reverse direction 
entering the mother's 
bloodstream via the 
uterine veins [4]. 

The umbilical cord 

[5] carries blood. 


uterus and embryo 
Just prior to birth. 
{1} spine, [2] large 
intestine, [3] pla- 
conta, [4] umbilical 
cord, [5] embryo, 
{6] uterus, (7) 
bowel, [8] mucus: 
plug. [9] vagina, 
{10} bladder, 

111] pelvic bone, 


ssl 
RS 


4 Broasts enlarge 
during pregnancy as 
a result of hormones 
(oestrogen and pro- 
gesterone) from the 
inta and ovaries 
IAL. After birth [B] 
loss of the placenta 
causes withdrawal of 
both hormones. Pro- 
actin is then rel- 
eased by the pitul- 
tary [1] to stimulate 
milk production. 
Oxytocin, which pro- 
motes secretion of 
milk, is also released 
‘as the result of 
suckling [C]. Emo- 
tional factors, act- 
ing via the hypo- 
thalamus (2), are 
also important 
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Giving birth 


Birth, or parturition, marks the beginning of 
a new life in the outside world, It is achieved, 
at the end of the mother's pregnancy, 
through a sequence known as labour. 

There are various signs that indicate that 
labour is imminent or already under way. 
Regular contractions of the womb, gradually 
increasing in frequency and strength, are the 
most common signal. These contractions are 
definitely rhythmic and cause discomfort, so 
mother will usually have no difficulty in 
distinguishing between the contractions 
heralding labour and other uterine action 
commonly experienced during pregnancy. 
These actions occur spasmodically, cause no 
discomfort and are thought to be a normal 
and natural aid to fetal growth, 


Three stages of labour 

The birth process is a sequence of three 
‘stages. During the first stage [1, 2], when the 
uterus begins to contract vigorously, first the 
cervix (the neck of the womb), then the 
vagina dilate. This stage can continue for two 
to 20 hours, but towards the end of it there is 
a short transitional period during which the 


the pelle ready for 
the jour ‘through 
the bintreenel, In 
this first stage of 
labour there may be 
5to30minutes be- 
tween contractions, 


2 Uterine contrac- 
tions continue to 
force the baby along 
and his head will 
normally turn side- 
ways, enabling it 

to passthrough 

the pelvis, Mean- 
while contractions 
are more frequent, 


normally assist with 
the birth of head 
and shoulders, after 
which the body slips 
outfairly easily 
Forceps are some- 
times used to 

help with delivery. 


6 Inthe third stage 
of labour both the 
placenta and remains 
‘ofthe umbilical 

cord are expelied. 
Aninjection is nor- 
mally given tothe 
mother to stem blood 
loss andtocontract 
theuterus, which 
returnsto normal 
size after six weeks. 
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amniotic sac that surrounds the fetus is rup- 
tured. The fluid protecting the fetus then 
drains away, if it has not already done so-the 
so-called “breaking of the waters”. A feeling 
of nausea, even slight vomiting, may occur. 
The second stage of labour may last from 
just a few minutes to two hours. Contractions 
are commonly experienced every one or two 
minutes and last for about 60 seconds, 
During these the mother has to push as the 
baby’s head descends through the cervix into 
the markedly enlarged vaginal passage (3]. 
This is the actual stage of delivery, In a 
straightforward birth the head emerges first 
and is moved so that the baby faces a direc- 
tion in which the shoulders can emerge more 
easily [4, 5]. Generally, the rest of the body 
then slips out quite readily. The baby is held 
upside down for a short time by the obstetri- 
cian or midwife so that any mucus or liquid 
can drain from the mouth and upper 
respiratory tract. He then takes a first breath 
of air, no longer reliant on the mother for 
oxygen, and gives his first cry [Key]. Mean- 
while, the umbilical cord will have been 
clamped near to the baby's body before being 


cut quite painlessly [8]. Once the mouth and 
nasal passages are cleared the baby should 
breathe normally and his colour should 
change from bluish to a natural colour. 

The third and final stage, which begins 
about 15 minutes after the baby has been 
born, involves the painless expulsion of the 
placenta (afterbirth) and the remains of the 
umbilical cord [6]. The placenta has to be 
carefully examined to make sure that it is 
complete. If parts are left inside the mother's 
body a haemorrhage may result. An intra- 
muscular injection is given to help the uterus 
contract and to prevent excess bleeding, 

The period of six to eight weeks after 
birth is known as the puerperium, and during 
this time the mother’s organs will return to 
normal. After delivery, a mother commonly 
feels elated: but a day or two later she may 
experience deep depression, due largely to.a 
temporary chemical imbalance. This soon 
disappears. During the puerperium the 
uterus shrinks until it is only a little larger 
than before conception and the ovulation 
cycle begins again. Milk is secreted from the 
mothers breasts from about two days after 
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3 The cervix and 
have now 
dilated sothat 
they can receive the 
baby's headasit 
passesthrough the 
pelvis. The mother, 
“bearing down" with 
each contraction, 
helps the baby along, 


4 The baby’s head is 
now “crowned” and 
can be seen by the 
midwife. Once his 
headhas ed 
the shoulder 
turned to facilitate 
birth and contrac- 
tions force him 
into the world. 


birth and continued stimulation of the breasts 
through feeding helps the distended uterus 
return to its normal position , 


Pain and labour 
Most women experience some degree of pain 
during childbirth but in a happy and healthy 
mother this is overshadowed by feelings of 
excitement and joy at the birth of her baby. 
During labour, however, most women need 
some form of pain relief, One recently 
developed technique is that of epidural 
anaesthesia [10]. Here a local anaesthetic 
freezes the nerves to the uterus while the 
mother remains conscious. Thus she is able to 
witness the birth and help in the process, 
Inhalation anaesthesia is also sometimes 
Provided for relief of pain both late in the first 
stage of labour aid throughout the second 
Stage, as required. Analgesic drugs — such as 
Pethidine - are commonly given by intramus- 
cular injection. These usually reduce discom- 
fort effectively, but care is always taken not 
to give the drug too late in labour as it might 
affect the baby’s breathing after birth, 
Hypnosis and natural childbirth dispense 


with drugs and anaesthesia, for it is claimed 
that if the mothers totally relaxed and free of 
tension she will feel little pain. Hypnosis 
achieves this through “suggestion”; natural 
childbirth by encouraging the mother during 
Pregnancy not to be afraid of the birth pro- 
cess and to use special breathing techniques 
to relieve pain and relax muscles. Both of 
these methods have been used successfully. 


Problems at birth 
Difficult births are rare but if the baby isborn 
feet or buttocks first (a breech position) 9}, if 
the mother's pelvis is very small, or if the 
baby has to be delivered quickly to prevent 
suffocation, certain medical procedures are 
carried out. Forceps - large surgical tongs 
may be used to help the baby out or an inci- 
sion made in the vagina which eases the 
Pressure on the baby’s head. If a normal birth 
1s impossible a Caesarean operation [11] is 
performed, This involves making a slit in the 
lower abdomen through which the baby is 
removed. Labour is often induced artificially 
if there are special reasons for doing so in the 
interest of the mother or her baby. 


9 Abreech baby is 
‘one born with feet 
or buttocks first. 
Between the 30th and 
34th week of preg- 
nancy the baby usu- 
ally turns so there will 
be a head presen. 
tation. But roughly 
Tin every 30 babies 
fails todo so.and 

ins with the 
head still lying in 
the upper part of 

the uterus. Breech 
births are not 
usually difficult, 

but occasionally the 
obstetrician will 
turn the baby to 
avoid any damage 
tothe arms or 
umbilical cord 


hind the umbilical 
cord [1] and placenta 
[2]. These are soon 


7 Supply of oxygen 
tothe fetus takes 
place via the pla- 
‘conta, with blood 
circulation fune- 
tioning as in [A 
Highly oxygenated 
sthe 
fetus viatheum- 
bilical vein (1), 
most passing through 
the liver, head and 
extremities. A small 
amount of blood by- 
passes theliver 
through the ductus 
venosus [2] which 
closes ater birth, In 
the heart most blood 
passes through the 
foramen ovale (3), a 


8 The umbilical cord 
‘must be cut follow: 
ing delivery, alt 

the mucus having 
first been removed 
fromthe baby's 
mouth and nose. With 
the baby lying down, 
two clamps or knots 
(1, 2} will be put on 
10 Epidural anaesth- 114 
esia provides a pain- 
free labour. The 
diagram shows: back 
muscles [1], dura 

[2], skin [3], needle 
inthe epidural 

space (4), vertebra 
[51, spinal cord (6), 
fluid [7], nerve (8), 


11 Inthe Caesarean 
section the baby is, 
usually in a normal 
position [A]. Atrans. 
Verse cut is made in 
the abdomen (8). The 
Surgeon widens 
cut and places his 


{C, D], easing out the 
baby and pushing 
onthe uterus [D] 


expelled |B]. The baby 
is then held upside 
down [C] and will 
usually start breathing. 


Blood reaching 

the right ventricle 

is also diverted 
away fromthe 
non-functioning 
lung [4], Once the 
umbilicalcord is 
cutthe baby's own 
lungs take onthe 
task of oxygenation 
of blood with 
changes as shown in 
{8}. Arise in carbon 
dioxide concentra 
tion stimulat 
by 


cries as he takes 
his first breath. 


the cord by the mid- 
wife at 18m and 23cm 
(Bin and 9in) from 

the baby so that 

itcan be severed 
between these two 
points, The baby, 

Now separated 

from the placenta, is 
totally on his own. 
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Human development 


Physically a baby is an adult in miniature and 
physical growth is basically a process of 
enlargement of bones, muscles, fat and of the 
baby's internal organs. The human eye may 
grow as much as 30 per cent in the first five 
years, but it retains its original structure. 
Such changes are quantitative. Psychological 
or personality growth, on the other hand, 
involves marked qualitative changes. How 
these come about and what factors are most 
influential in the establishment of the 
character of the adult are subjects that have 
produced widely different interpretations. 


Heredity versus environment 

Perhaps the area that excites most con- 
troversy is the extent to which the individual 
is the product of his nature (heredity) or his 
nurture (environment). Heredity comprises 
two main elements: those aspects of our 
behaviour that are inherent in, or peculiar to, 
our belonging to the species Homo sapiens, 
and those aspects determined by our being 
born of two particular individuals. It is the 
difference between being a man rather than a 
lion; and being you rather than someone else. 


1 Many factors con- 
‘tribute to the course of 
individual develop- 
ment. To the natural 


along the 23 pairs 

‘of chromosomes) con- 
trol many areas of 
individual develop: 


‘orhereditary charac: ment. The most 
teristics with which noticeable and per 
the baby isendowed —_vasive are physical 
by his parents [Aj aro eristics (8). 
added the tremendous Such factors a: 


shaping pressures of 
the environment to 
which he is subject — 
first inthe womb 


shape, stature, 
and eye colour, fi 
Gerprints and blood 


There are some researchers who detect 
the presence of common human factors in 
people all over the world — similarities that 
range from the universality of religion in one 
form or another to common patterns of social 
organization, These imply a common human 
personality that overrides culture, race and 
geography. Noam Chomsky (1928-  ), the 
American psycholinguist, for instance, 
‘asserts that there is in each of us a model or 
blueprint of language that accounts for our 
remarkable ability to master complex lin- 
guistic rules early on in our life. Nikolas Tin- 
bergen (1907- ), Konrad Lorenz 
(1903-__ ), and other ethologists (students of 
animal behaviour) have shown the impor- 
tance of our animal heritage in crucial areas 
of human behaviour — such as aggression. 

As far as personal heredity is concerned - 
leaving aside the obvious examples of size, 
shape and eye colour ~ there is much (often 
heated) debate about the extent to which 
genetic inheritance controls emotional and 
social development and sets upper limits on 
intellectual potential. 

Opposed to these theories are the so- 


called behaviourists, headed by B. F. Skinner 
(1904), who emphasize the things that 
cach individual is given by being involved in 
the process of living. This point of view 
stresses the particular situations and circum- 
stances to which we are exposed. The 
behaviourists believe that human beings are, 
if not good, at least innately “neutral” and 
that the “evil” in people is a product of their 
environment — poor housing, bad education 
and other influences of that kind [2]. 


Is the child active or passive? 

Within and around the nature/nurture con- 
traversy are several related areas of conten- 
tion. Does the child actively manipulate his 
environment, trying to shape it to his skills 
and abilities? Or is he the creature of that 
environment? Essentially, both the 
behaviourists and the Freudians tollow the 
latter approach, while thinkers such as Jean 
Piaget (1896- ) favour the former. But 
although the behaviourists and Freudians 
agree that environmental influences are 
paramount, they differ radically in their 
interpretations of the springs of human 


and later in the 
family circle and 
wider social and 
cultural milieu. The 
result of these com 
plex interacting 
forces is the adult. 
Pinpointed in this 
illustration are the dice. Modern tec 
‘major influences dur- niques of blood tran: 
ing the first nine fusion allow an ii 


ically transmitted, 
Many diseases are 
passed on at this 
moment ~ such as 


mally), diabete 
various types of j 


months of life, from patibility of 
conception to the and mother’s blood- 
moment of birth. types (the Rhesus fac- 


Atthe moment of 
conception, when the 
mother’s egg cell 
unites with the 


tor) to be remedied. 
Psychological traits 
such as temperament, 
intelligence and 


father's sperm, life disposition are 
begins. In the res known to be genet- 
ulting fertilized {cally influenced, 
‘egg the bead-like but how and to what 
strings of thousands —_extentis still 
ofgenes (arranged ——_not entirely clear. 
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haemophilia (when the 
blood does not clot nor 


The embryo isin 

the womb for roughly 
40 weeks [C), During 
that critical time, 
particularly the 


The mother's em 
otional state during 
Pregnancy is import- 
ant [0]. ttis thought 
that severe or con- 
tinuing stress can 


first vulnerable 


nine weeks, influence the infant's 
exposed to many activity level, 

factors that can birth weight and 
affect normal growth. emotional reactions. 


Food supply (EI, to 
gether with the ef- 

ficient exchange of 
‘oxygen and waste 
products is crucial. 
Diets deficient in 
calcium, phosphorus, 
iron and various vit- 
amins are associated 
with poor develop- 


‘ment, Many drugs [F] 
taken by the mother 
during pregnancy may 
have an adverse ef- 
fect on the fetus, Ex- 
cessive smoking pro- 
duces smatler babi 
Babies born to drug- 
addicted mothers are 
also drug dependent, 


CONNECTIONS 


See also 
Aspects of rman 


Froese ana 
iidivaualty 
Adulite0d Irom 30 


understanding 
Language 
devoscemont 
Social develooment 
Emwnona) 
evelcgrant 

Mora! development 
The gtawng ena 


German measies (G), 
ifcontracted during 
the first three-five 
‘months, can lead to a 
newborn baby with 
abnormalities in sight, 
hearing and brain 

‘and heart functions, 
Untreated syphilis 
may affect the fetus. 


personality. If, for instance, a child is afraid of 
dogs although he has never been attacked by 
one, the Freudian might argue that the dog's 
fierceness symbolizes the anger of the child’s 
father. He will say that the child has trans- 
ferred his fear of his father to the dog. In 
other words, he will look behind immediate 
behaviour for a deeper or “unconscious” 
cause. The behaviourists, in contrast, will 
seek to relate the fear to an actual incident 
that led the child to conclude that all dogs are 
dangerous. Persuading the child to face the 
cause of his fear will remove it. 


Is development continuous? 
Whether development is continuous ~ a pro- 
cess of gradual evolution - or whether it pro- 
ceeds by marked, step-by-step stages, is also 
a matter of debate. The sequence of psycho- 
sexual development put forward by Sigmund 
Freud (1856-1939) implies that a child's 
pleasure drive is successively directed to 
different parts of the body, beginning with 
the oral and moving through the anal and 
phallic to the genital stage at puberty. 
Another argument concerns the direction 


of development. Does it tend towards afinal, 
ideal goal or is it open-ended and indetermi- 
nate? Behaviourists favour the open-ended 
view. Others, such as Lawrence Kohlberg 
(1927-  ), believe that there is a desirable 
endpoint which, when reached, defines and 
identifies maturity 

Scientific verification for any of these 
views is hard to come by. In the nature/nur- 
ture controversy the nearest approach to 
laboratory standards are studies using iden- 
tical twins raised either in different back- 
grounds after adoption or together in their 
natural family 

The various views described are extremes 
but they illustrate the type and the com- 
plexity of the problems that confront the stu- 
dent of human development, Shape, size and 
features, for example, depend not only on 
genetic inheritance but on such purely 
environmental factors as nutrition and dis- 
ease both in the womb and later. 

Heredity, culture, socio-economic class 
and personal experience all play vital parts in 
the process by which the newborn infant is 
transformed into a particular kind of adult 


2 The social envir- differ and they are 
onment and culture what condition in- 

IA] in which a baby is dividual assumptions 
born and reared ex- and aspirations. Not 
erts a potent and, least of the ways in 
decisive affect onthe —_ which a culture af. 
development of his fects individual dev- 


personality, The 
‘mosphere and value 
of every culture 


elopmentis through 
the methods of child- 


rearing it practises [8], 


Size of family [C} children with older 
and birth order are siblings are ut 
significant to dev- ually less aggres- 


‘lopment. First-born 
children tend to trust 
adults more and to 
conform more to par 
ental models than 
later-born ones, 
‘Studies show that 


and creative 
its. Th 
better to inequities 
In communal living. 
The solitary child 

is thought to have 

a richer fantasy life. 


The development of 


an adult is subject to 


wt 


aA 


The physical and 
psychological char 
acteristics with which 
the baby is born [0] 
are instrumental in 
modifying and mould- 
ing the environment 
he grows up into 
considerable e: 
tent, Size, sex, 


many interlinking in- 
the newborn baby into fluences that stretch 


conception and for- 
wards to the quality 


back to the moment of of his environment. 


temperament and 
attractiveness are 
qualities that 

affect the people he 
‘comes into contact 
with and s0 alter 
the ways that they 
interact with him. 
Hereditary dif- 
ferences inthe 


‘muscle mass 
and sensitivity of 
the central nervous: 
system are among 
possible factors 

that determine why 
some babies. 
more responsi 
alert and adapt- 
Ive than others. 


171 


The growing child 


Bringing up a child is not like a laboratory 
experiment ~ calm and controlled with all 
inputs carefully measured and predeter- 
mined. It is, like all other aspects of being 
alive, exciting, varied and thoroughly 
unpredictable and is subject to all sorts of 
unplanned influences and events, many of 
them almost totally outside the parents’ con- 
trol. Improvisation within a reasonably 
worked out framework is the best method of 
supervising a child’s development, 


Nature and nurture 
Psychologists have explained and clarified 
the process of development. Their experi- 
ments and extensive researches have pin- 
pointed a number of factors that contribute 
to the physical and psychological growth of 
the individual from newborn child to adult. 
The insight they give can be used in building 
the framework, but parents are largely on 
their own in supplying the improvisations 
that are called for. 

There is nothing that parents can do 
about the hereditary factors they pass on to 
their children ~ at least not at the moment. 


At birth Up to2 months 

Body Body 

Almost totally im. Able to focus eyes 

mobile, but with: id co-ordinate stare. 

many primitive Can begin to lift chin 

flexes, like sucking, when lying on stomach, 

foot extension if the 

‘sole is tickled and 

finger grasping. 

Senses Senses 

Even atthreetofour Hearing may be parti- 
cularly acute for 


short period, making 
loud noises painful, 


and to tell a buzzer Dots and angles on 
from a bell, the picture of a face 
in the face recognition 
test elicit a smile. 
Mind Mind 
Reflexes only, though Up totwo years is the 
rapidly fearns to time to explore dimen- 
turn head to loft sions. Baby can't re- 
or right to find ‘member existonce of 
foodinresponseto object if blocked for 
either bell or buzzer. _ more than 16 seconds. 
This is Piaget's 
sensorimotor stage. 


Speech eee 
cute ornyaourta. omen mone 


Seth abe 
‘erying. 

Social Social 

Can be divided into. Has often established 

active, moder @ distinct pattern 

active and quiet of crying and sociable 
behaviour. Starts 
‘smiling at his mother 
at four to six weeks. 
Childs in Freud's 
oral stage, 

Emotional Emotional 

Unaiterdanca "= gteeneiat 

undifferentiated. 

sale. cive or Iivechd nego 

or ‘or 

inactive, 

Moral Moral 

Newborn is amoral, 

having no values, no 

attitudes and no 

‘beliets for the first six 

Of Seven months. 


But the behavioural psychologists particu- 
larly have highlighted the importance of the 
learning experiences provided by the child's 
environment. These both modify and accen- 
tuate the child’s genetic potential. Ithhas been 
shown that the quality of the first relationship 
the child forms with his mother or whoever 
takes care of him is crucial in setting the pat- 
tern of the child's psychological approach to 
the world in general and personal relation- 
ships in particular. 

‘There is also strong evidence that there 
are particularly sensitive periods in a child's 
life when the effects of the environment seem 
to be more readily absorbed and longer 
lasting. In the first three years, for example, 
growth in stature is at its most rapid and 
consequently this is a time when diet exerts 
most influence on eventual adult height. 

If this seems to place a heavy burden on 
parents for the successful development of 
their children — and many parents suffer from 
feeling that they may not be doing the 
“right"” thing ~ there is equally strong evi- 
dence for the natural and striking durability 
of children. Certainly, single bad experiences 


24 months 46 months 

Body Body 

Can begin to raise At 20 weeks baby can 

headwhen lyingon open hand for contact 

stomach. Many early with an object. Atend 

reflexes are begin. of period can grasp 

ning to belost.Can things using palm 

turn headand eyes and fingers but 

towards speaker. not the thumb, 

Senses Senses 

Signs of recognizing _increasing co-ordin- 

things endof losing _ation between hand 

interest in stimuli and eye. Brings things 

Appreciation of 3-0. to mouth to explore, 

Face recognition test Face recognition test 

Neods first Mouth helps on 

tion alone, then picture. Motion helps 

to elicit a smile. to elicit a smile. 

Mind Mind 

Can follow trajectory Child now distressed 

of ball even when when shown optical 

itis out of sight. Wusion of three 

Cantell mother trom mothers. 

‘others but no idea 

that he has one mother 

only, Optical illusion 

of three delights him. 

Speech 

At beginning of period becomes mors 

‘starts; itis ‘and con: 

for 18-20 ‘sonants also appear, 

seconds. Soon baby butail vocalization 

responds to human, ‘sounds very differant 

voice and smiles from the mature. 

when talked to. 

‘Sometimes-chuckies. 

Social Social 

‘Starts to play with Beginnings of real 

objects ~ ete differ 

iplacedinhishand. between adults at 

Beginnings. ‘end of period. 

differential: 

to people in his en- 


rarely have a lasting effect, It is a chain of 
mistreatment that sets up personality prob- 
lems, The occasional loss of temper by 
parents is of little consequence and indeed 
may be beneficial in showing a child that 
people are not made of glass. Children can 
weather anger without damage, but not 
persistent brutality, 

Finally, there is the fact, pointed out by 
the American psychologist Amold Gesell 
(1880-1961) and his colleagues, that chil- 
dren brought up in vastly different circum- 
stances grow up to be reasonably similar, 
fully functioning adults, irrespective of the 
advantages or disadvantages of their 
environments. Human growth tends to 
follow a consistent, natural course. 


child care 
Specific child care practices differ widely 
both from culture to culture and from 
generation to generation within a single cul- 
ture. Some North American Indian babies, 
for example, spend most of their time 
strapped firmly to a cradle-board, but they 
begin to walk at about the same time as chil- 


6-8 months: 8-10 months 

Body Body 
Atsevenmonthscan Can crawl by the end 
sit alone without sup- of the period and 


port for a short time. 
At end of period can 


pull himself upright 
to stand. Better use of 


stand with minimum —_tips of forefinger and 
help. Can graspusing thumb. Can hold feed: 
forefinger and thumb, _ing bottle on his own, 
Senses Senses 
Face recognition test Depth perception is 
Attention begins to further developed. 
focus on expression Child will avoid 
rather than features. visible drop from 

a surface. 
Mind Mind 


Begins to develop 
the understanding 


Increasing re- 
alization that ob- 


that hidden or out jects continue to 
of-sight objects exist even when not 
continue to exist. ‘seen. Child will 
Will search for them, search for objects 
in many different 
locations. 
‘Speech 
Cooing begins to 
turn into babbling. ‘of sounds heard but 
Most common results: 8 
are ma, ‘Child begins to. 
darand di. Atend of hein words: 
of heard sounds adjustments to pos- 
become ition or behaviour. 
Social et 
Increasing innings of prefer- 
tiation between ‘ence for play with 
Beginnings of serious _ other people rather 
‘but rarely with than by himself. Re- 
‘other children. ceives social sup- 
Pattern of interaction —_—_port for trying to 
‘and support between —_walk, Starts using imi- 
mother and baby. tative gestures. 


CONNECTIONS: 


Moral aovolo 
ioloscence 


10-12 months 


Body 

Can walk with help, 
Begins to stop putting 
objects in mouth 


No longer likely to 
be upset by a sudden 


unexpected 
‘appearance of an 
object. 


begins to create and 
use symbols towards 
end of period. 


iate situations. 


dren from other environments who are 
painstakingly encouraged to walk 

There are widely differing views -some of 
them directly contradictory ~ on many of the 
most ordinary problems of child rearing. 
These include whether a child should be 
breast fed or bottle fed, whether he should be 
strictly disciplined or never thwarted and 
whether toilet training is necessary or not 

The question of whether to feed on 
demand or according to a rigid schedule is a 
good example of these controversial prob- 
lems. At the turn of the century it was 
common to feed babies only when they were 
hungry. Then it became fashionable to use 
scientifically determined feeding schedules, 
The child was fed every four hours regardless 
of whether he had to be awakened or left 
crying until the proper time. This technique 
was thought to be character building because 
it instilled a sense of discipline and a feeling 
that he was part of a world bigger than that of 
his own desires. Then, perhaps as a result of 
the emphasis that Sigmund Freud 
(1856-1939) placed on the dangers of 
thwarting the child's impulses, demand feed- 


12-18 months 18 months-2 years 
Body 

Unaided walking at 
about 13 months. 


Body 
Control over sphincter 
muscles begins. Runs 


At beginning of period but falls often 
holps to dress himself Climbs stairs holding 
always interested in rail. Girls are half 


feeding himself. Creeps 
backwards down stairs. 


adult height just before 
two, boys just after, 


Senses Senses 

Rapid increase in Can recognize dis- 
ability to use chi placement even 
acteristic features though he has not 
of objects for identi seen object moved. 
fication purposes. 

Mind 

Up to seven years in 

creasingly links image 


of object with thought 
about it. Cannot imagine 
that 


can't see you, you 


stay the can’t nee him). 
This is Piaget’s pre- Can't describe journey, 
operational stage but can find his war 
Speech Speech 
Repertoire of 3-50 Repertoire of more: 
words: Nofuss at et than 50 words at ond 
being understood, period. Can string 
cabulary divided by two words together 
sex (man-lady) and (noun and qualifier). 
size man-boy). Speech steal Use of 
's telegraphic ~ “al articles, plurals, etc. 
gone-food”. Passive confuses. 
Social Social 
At end of period Atend of period 
fighting and jeal 
Ousy Over toys lines. Parallel play 
emerges. Signs with little contact 
of guilt at not between children in 
living upto socially one room js more 
approved rules. common. Start of 
Pleased with parti- al stage. 
cular events or people. 
of ob- of 

Fear of strange, ‘Atend of period 
jects, people and fear of 
noises deciines. At_ creatures and dark 
cod ot period tions bbepina. More sens 

lousy over newly ‘to ridicule. 
arrived babies. 
Moral Moral 
Behaviour uptosix _Child’s comprehen 
Of Seven yoars is. sion of parents’ 
shaped by threat of moral code consists 
punishment or satis- of simple good/bad 
faction of needs. distinction. 


ing again became popular. Today the ques: 
tion is not considered important, since it has 
been shown that babies are quite capable of 
matching their food intake to their needs 
Perhaps as important as anything else to 
healthy development is the general atmos- 
phere in the family. Some parents prefer an 
active child, others a passive one. If a child 
does not conform to his parents’ preference, 
inter-relationship difficulties may follow 


Charting a child's development 

There are approximate ages at which a child 
born at full term might be expected to pass 
some of the milestones of growing up and 
these are shown in the chart below. These 
timings are not a prescription nor are they 
norms that every child has to achieve to be a 
successful adult. Boys tend to be physically 
more adventurous than girls, who start 
speaking carlier. Allowance must be made 
for a premature baby particularly in the first 
year. Instead of beginning to smile at his 
mother at four to six weeks, for example, a 
two-month premature baby might be 
expected to start doing so at 12 to 14 weeks. 


2:3 years 35 years 
Body 

Growth more by 
hormones than by genes. 
Control over sphincter 
muscles allows toilet 
training, Bed wetting 
increasingly ra 

Self feeding improved. 


Body 
At end of period girls 
are slightly ahead of 


opment. Five-yer 
old's brain is 75% of 
his adult weight 


Senses Senses 

Shows ability to dis. Child finds it diff 
tinguish between pri- cult to distinguish 
mary body partsand between open and 


closed letters, Con- 
fuses b and d, p and q, 
Ignores straightness, 
‘80 confuses D and O. 


features; developing 
skill at drawing them. 


Mind 
Progress in ability 
ify many 
sorts of objects 
according to one 
‘or more shared 


Mind 

Although child real 
izes apparent change 
In object is not 

real change (water 
to ice), unlikely to 


characteristics. understand how or 
why this is so, 
‘Speech ‘Speech 
Over period child Sentences become 
able to put 3 or 4 longer and more com- 
Rorditogsiter. plex. Ineseasing 
‘Structuring ‘grasp of basic gram- 
fenguage begins, use mar, like active — 
‘of tonses, plurals, passive, 
etc. 
‘Social Social 
By 30 months willbe Beginning of import- 
helping with domestic —_ance of peers in 
chores. Co-operation be- shaping behaviour. 
tween children playing Identification with 
together increased. same-sex parent is at 
its strongest. 
Emotional 
Increased satisfac- 
tion at accomplishing 
Rising ‘sensitivity. 
to feelings and re- 
‘sponses of others. 
Moral 
Child fikely to show Still highly egocen- 
substantial guiltlike trie but beginning 
Feactions, though still to show marked guilt 


situation-specific. 


and self-regulation. 


Itis encouraging for 
parents who feel they 
bear a heavy respons- 


mature adult weight 
Nerve fibras, etc 
are almost complete, 


Senses 

Focuses on signifi- 
cant features of object 
‘or event. Increasingly 
able to discrimi. 

nate between letters 
of the alphabet. At 
‘end of period can 
begin to read. 


Mind 
This is Plaget’s con- 
crete operational 

stage. Child can use 


clusively, 
ning at least, with 
here and now, 


Social 

Turns to peers 
rather than adults, 
Play teaches social 
roles and individual 
limits, End of Freud's 
phallic stage, be- 
ginning of latency. 


Child actively 
engaged on testing 
‘self-image. 


than fear of, law. 


ibility for the develop: 
Mant of their child that 
the results of very 


Speed and co-ord 
ation. Fundamental 
skills advance to those 
that need instruc: 

tion and practice: 
skling, swimming, ate, 


Senses 


Mind 
Can now conserve and 
See parts of the 

whole. He can re. 
Present a series of 
actions and can 
arrange objects 
according to size, 
weight, etc. 


‘Speech 

By end of period 
lateness 
mastery of complex 
grammatical rules. 


Social 

Social interactions 
strongest with the 
same sex; minimal 
social interaction 
between sexes. 


Moral 

Child does things 
either to win ap- 
Prova! or because 
the law says so. 


different systems of 
child rearing are so 
remarkably similar. 


11-13 years 


Body 

Girls put on sudden 
growth spurt and by 
‘end of period they 
average two-ant 
half years ahe 
of boys. Men: 
struation begins. 


Senses 
Increasingly per- 
ceives non-obvious 
relationships among 
‘apparently unrelated 
‘events and objects. 


to think 
around a subject, 
testing many sol- 
utions in his mind, 
Use of abstract ruler 
to solve problems. 
This is Piaget's 
formal stage, 


Ever 

voe- 
botey emaresech: 
nical and specialized 
words. Greater 


of concepts: 
'terms to describe 


Social 
‘The sharing of pos- 
sessions, feelings 
and plans is still 
primarily with same- 
sexed peers. End of 
Freud's latency 
Period, beginning 

of genital, 


Moral 

Actions are guided 
according to univer- 
sal ethical principles. 
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The cell in action 


Celis are the basic units of life, the blocks of 
which all living things are built. Most are 
minute structures — measuring a few 
thousandths of a millimetre in diameter and 
in a human being, for instance, there are 
roughly 100 million million of them existing 
together in organized harmony. But whether 
a cell lives or dies independently, as do bac- 
teria and protozoans (which are single-celled 
organisms), or as part of a more complex 
multicellular organism, such as a horse or a 
human, it has the basic potential to utilize raw 
materials and to reproduce itself 


A closer look at the cell 
Cells can be thought of as simple sacs packed 
with the molecules (particularly proteins, 
nucleic acids, fats and carbohydrates) needed 
for life. This was the picture that biologists 
had of cells until they developed sophisti- 
cated techniques for examining their struc- 
ture and activities more closely. Only then 
did they realize that the internal architecture 
of a cell is organized in a complex way to per- 
form its many functions, 

There are many varieties of cell shape [ 


‘Cell membrane ——_____ a 


Lysosomes 
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5]. Animal cells, for example, may be roughly 
spherical, asin the liver; spiky as in bone; flat, 
as in the skin surface or elongated like nerve 
cells which may send Jong fibres from one 
part of the animal to another, Despite these 
differences, which reflect differences in func- 
tion, there is an underlying pattern in cell 
construction just because cells share all the 
properties and requirements of living things. 

At its simplest [Key] the cell can be seen 
as a sphere with a thin outer membrane (the 
plasma membrane) containing a smaller, 
denser sphere (the nucleus) suspended in a 
jelly-like substance (the cytoplasm). Use of 
the electron microscope, however, has 
advanced our knowledge considerably, and 
revealed a high level of organization. 

When analysed in more detail the cell's 
plasma membrane [4] is found to be a sand- 
wich with layers of protein forming the 
“bread” and fat molecules providing the “fil- 
ling". The membrane is not merely a 
boundary wall but is actively involved in cell 
operations. For instance, materials are con- 
stantly passing in and out of the cell [7, 8, 9] 
and there seem to be special areas in the 


membrane that work as selective transport 
channels. These are constructed in such a way 
that passage is permitted only to those sub- 
stances that are needed 

The plasma membrane is the meeting 
point between the inside and the outside of 
the cell and is thus involved in communica- 
tion, Some neighbouring cells establish closer 
contact with each other by means of minute 
filaments (desmosomes) which overlap bet- 
ween the cells. The plasma membrane also 
possesses special receptors on its outer sur- 
face with which other chemical messengers. 
such as hormones, interact 


Information and energy 

Inside nearly all cells the most prominent 
structure is the nucleus, without which the 
cell dies. It is there that all the genetic 
information (coded in the genes) is stored in 
structures called chromosomes as 
deoxyribonucleic acid (DNA), which has the 
remarkable ability to replicate itself. Also 
inside the spherical nucleus is the nucleolus 
which is involved with the synthesis of pro» 
teins within the cell 


‘Smooth endoplasmic reticulum, 


Nuclous 


Nucleolus 


Nucl 
membrane 


Cytoplasm 


Rough 
endoplasmic 
vculum 


Ribosome 


Golgi body 


Mitochondrion 


CONNECTION 
Seeaiso 
The genuine code 


1 Animal colts are 
all built to the same 
basic pattern, The 
nucleus is 8 mem: 
brane-bound sac con- 
taining the genetic moa 
terial of the cell, The 
genetic information is 
coded for in deoxyribo- 
acid (DNA), 

is combined 

with proteins to form 
chromosomes. The 
nuctear membrane is 
perforated by pores, 
that may be import 
‘ant in controlling ex: 
change of substances 
between the nucleus 
and cytoplasm. The 
cytoplasm contains 
numerous small 
structures called 
‘organelles, Prominent 


shaped bodies that 
are responsible for 
the energy production, 
Scattered in the 


‘smooth endoplasmic 
reticulum, the rough 
endoplasmic reticu: 
lum and the Golgi 
body. The smooth en: 
doplasmic reticulum 

is concerned with the 
manufacture of lipid 
(fat) molecules while 
the rough endoplas- 
mic reticulum manufac 
tures proteins des- 
tined for export from 
the cell, The granular 
nature of the rough 
endoplasmic reticulum 
is created by the 
presence of globular 
ribosomes on the 
surface of its 
membranes and it 
on the ribosomes that 
proteins are assem. 
bled. The Golgi body, 
amongst other things 
is thought to modify 
some of these 
proteins. Sacs 

of enzymes, called 
the lysosomes, are 
concerned with 
breaking dawn some 
large molecules 

that enter the coll 


There is a continual flow of messages 
from the nucleus to the cytoplasm carrying 
instructions for the manufacture of specific 
proteins, These messages are translated into 
proteins on globular structures known as 
ribosomes. Proteins destined for export from 
the cell are made on the ribosomes situated 
on an extensive network of membranes, the 
rough endoplasmic reticulum, designed to 
effect rapid removal of newly made proteins 
to the exterior through the plasma mem 
brane. Proteins for internal use are made on 
ribosomes floating free in the cytoplasm. 

Proteins play an enormously important 
part in cell activities. As enzymes they work 
as catalysts to promote the many reactions 
that go on in every living cell. They can also 
work as hormones, in which case they may be 
modified before their export. Modification 
and transport is thought to be effected by 
another membrane structure. the Golgi 
apparatus [6] 

Scattered throughout the cell cytoplasm 


energy-releasing molecules, Because the 
mitochondria produce all the cell's energy 
they are known as its powerhouses, Other 
enzyme-packed structures dispersed in the 
cell are lysosymes. The enzymes they contain 
are responsible for digesting many materials 
including noxious ones — entering the cell. 


The cells of plants 
Plant cells [Key] differ from animal cells ina 
number of ways and have, for example, a 
tough cellulose coat surrounding the filmy 
plasma membrane, This coat is punctured in 
a number of to allow for inter-cellular 
communication, An important feature of 
most plant cells is their green colour and this 
is produced by the substance chlorophyll 
contained in packets known as chloroplasts. 
It is the chloroplasts that are responsible for 
exploiting the sun's energy to manufacture 
carbohydrates in photosynthesis, 

Many plant cells possess one or more 
spaces or vacuoles, They contain cell sap and 


are sausage-like structures, th 
[3], which are packed with enzyme systems 
designed to metabolize fatty acids and other 


6 Large particles 
can enter the cell 
via an infolding of 
the membrane [A, 8) 
These vesicles [4] 
fuse with lysosomes 
[3] containing 
digestive enzymes 


Digestion products 
[5] are absorbed and 
Waste products are 
ejected [C). Ma- 
terials made by the 
‘endoplasmic reticu: 
lum [1] may leave via 
the Golgi body [2] 


mitochondria 


sometimes, as in Spirogyra. the nucleus is sus- 
pended in the centre of one of the vacouleson 


strings of cytoplasm. 


2 The function of 
muscle cells js to 
contract and so 
they are packed with 
special protein 
fibrils, made of 
actin and myosin, 


make the cell shorten, 
The extra energy 
needed to effect 
contraction is pro: 
vided by the activity 
of an abundance 

of mitochondria 


5 Nerve colls send 
messages from one 
area of the body to 


another and are there: 
tore elongated. Mess: 


agos are received by 
small fibrils or den: 
drites at the end 
nearest the call body 
(the central dark 
area) and pass 
down the long fibre, 
the axon, to other 
nerves or perhaps 
toa muscle or gland, 


7 Molecules may 
enter cells in dif 
ferent ways depend. 
ing on the environ 
ment that exists 
within the cell and 
outside it. Transfer 
of molecules |1] may 
occur by diffusion 
when their concen 
tration is higher 
outside the cell 


3 Mitochondria (1) 
are the cell's power 
houses: enzymes 
within them meta 
bolize nutrients to 
release energy ina 
form, ATP (adeno- 
sine triphosphate), 
that can be used 
for synthesis of cell 


membrane [2] than it 
is inside it. This is 

® passive process 
and continues until 
the concentrations 
are equal on each 
side of the membrane. 
Molecules move into 
the cells of the 
alimentary tract 

by diffusion during 
the digestive process. 


Both animal (A] and 
plant (B) cells have 
cell membrane [1] 


nucleus [2] and 
cytoplasm [3], But 
in plants the cell 


4 The cell membrane 
(Al, magnified two 
million times, appears 
layered. Models of the 


materials, Tho mito 
chondrion has two. 
membranes: a 
Smooth outer one and 
8 much-folded inner 
one [2]. Scattered 
spherical granules in 
the mitochondrion 

[3] collect up essen: 
tial calcium ions, 


8 Many large mole- 
cules such as proteins 
[are permanently 
enclosed by the cell 
membrane [2], The 
more concentrated 
they become the more 
they attract water [3], 
This water movement 
is called osmosis. 


9 Cells can take in 
molecules {rom low 
to high concentra 
tions by active trans. 
port requiring energy. 
Carrier molecules (1] 
inthe membrane 
bind to the incom- 
ing molecules [2] on 
one side of the mem- 
brane and release 
them on the other. 


wall is covered with 
a rigid coating 
of cellulose (4) 


membrane show fat 
globules (8), fat 
layors (C, E] anda 
protein channel (D}. 


ee 


The genetic code 


Inside every living cell, in its nucleus, is a 
master plan that governs both the minute-to- 
minute activities of the cell itself and those of 
the whole organism. The nucleus also con- 
tains the genetic information passed from 
Parent to offspring in the reproductive pro- 
cess. The life-plan is encoded in the form of a 
molecular substance called deoxyribonucleic 
acid (DNA). The DNA molecule has two 
characteristics essential to its role at the 
centre of life: it has the ability to store 
information and it can make exact copies of 
itself. The information in the DNA is trans- 
lated into proteins vital to the life of the cell. 


The code secret 

‘The DNA molecule isa long strand too fine to 
be seen even with the most powerful optical 
microscope. It is arranged in the form of a 
twisted rope ladder with millions of rungs — 
the double helix [Key]. The struts are made 
up of alternating units of phosphate and 
deoxyribose sugar. Each rung contains a 
linked pair of chemical compounds called 
nucleic acid bases. There are only four of 
these bases ~ adenine (A), thymine (T), cys- 


1 Packing of DNA 


Wier, J h 
ty, IED 


tosine (C) and guanine (G). Because of their 
differing but complementary structures, A 
can link only with T while C can link only with 
G. The order in which the bases present in the 
nucleotide units of DNA (a nucleotide unit 
consists of a nucleic acid base with a sugar 
and a phosphate attached) are arranged on 
one side of the ladder therefore precisely 
determines the order of bases on the other 
side. When a DNA strand is divided it will 
always re-form in the same pattern, although 
the pattern is different for every individual. 

On the DNA blueprint there is a specific 
code for each type of protein manufactured 
in the cell. The codes are contained in genes— 
long segments of the DNA ladder, each con- 
taining from several hundred to a few 
thousand rungs. It is the precise sequence of 
base units on these rungs that makes up a 
protein code and one gene is thought to code 
for one polypeptide chain (part of a protein). 
Other genes, not directly involved in protein 
manufacture, are concerned with the 
machinery for translating genetic informa- 
tion [2] into protein manufacture, 

This translation mechanism from code to 


Chromosome 


ONA plus histone 
Ree HOODY, ea 
SS ee 


SSS 


Se 


phate molecules and 


living cell are many 
chromosomes [A] 

containing DNA. sine, guanine and ad- 
Each chromosome —_ ening). During call 
[B]iscomposedof _—_diivisionthe DNA 
two chromatids [1}. strands separate and 
The DNAmolecule new complementary 
[C} also has twin daughter strands [3] 
strands [2], each con- are formed using 


sisting of a backbone 
of sugar and phos- 
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single parent strands 
[4] as templates. The 


DNA ligase 


necessary molecular 
units [5] come from. 
a nuclear poo!” 


ments [6] by the poly- 
merase enzyme which 
works in opposite 
directions on each 
strand. Segments are 
then sealed by 

the ligase enzyme. 


protein is extraordinarily elegant, A protein 
is built out of a long chain of amino acids. 
‘These acids, together with the energy needed 
to synthesize them into protein, are supplied 
to the cell by food. Once inside the mem- 
brane of the cell (in the cytoplasm) they are 
collected up according to the instructions of 
the DNA and brought to the cell's manufac- 
turing plant which is called the ribosome. 

To achieve this, certain genes in the DNA. 
order a substance called ribonucleic acid 
(RNA) to deliver to the ribosome a blueprint 
for the protein required [4]. Part of the DNA 
ladder temporarily untwists and separates 
down the middle. The messenger RNA is a 
Substance chemically similar to DNA. The 
main differences between them are that the 
RNA is single stranded, contains the sugar 
ribose and has the base uracil (U) instead of 
thymine, In the synthesis of messenger RNA 
[5] one strand of the DNA ladder acts as a 
template and the RNA is made as a comple- 
ment to it. The messenger RNA then travels 
to the ribosome where it serves asa mould for 
the assembly of a protein. Other RNA 
molecules, called transfer RNA, are each 


DNA molecule 


Lute its ongins 
Principles ot 
herecity 
Evolution of ite 


clated with proteins 
tones) and tightly 
Packed so that it occu- 
ies only one ten-thou- 
Sanath of its unwound 
length. Scientists 

‘are still trying to 
discover exactly how 
the DNA helix is so 
tightly packed. The 
structure probably 
involves regular 
folding of the helix 
and its associat 
proteins. These pro- 
teins also help to con- 
trol the activity of the 
genes in the DNA. 


with 
salamander eggs show 
the importance of 
the nucleus and some- 
thing of the way it 
works. The fertilized 
£99 is split into 
two [A] leaving the 
nucleus in one half 
[1] plus a greyish 


neither grey 
crescent nor nucleus 
shrivels and dies, 


coded to collect a specific amino acid and 
bring it to the right place on the assembly 
mould. The code word for each amino acid is 
composed of three base units of the DNA 
Different triplet sequences (called codons) of 
any of the four base units ~ such as GUG or 
GAA ~ can produce 64 possible code words. 
Some amino acids may have more than one 
code word while other code words seem to 
represent control instructions 


Protein manufacture 
Protein synthesis takes place as the ribosome 
moves along the messenger RNA mould and 
the correct transfer RNAs, loaded with their 
specific amino acids, move in to recognize the 
triplet sequence; the amino acids are then 
released from their RNA carriers and are 
linked together in the specified order. The 
Proteins so formed may be structural, as in 
the case of the collagen found in the skin, or 
more actively functional, as with enzymes, 
Other hormones are themselves among 
the chemical signals that trigger genes to dis- 
Patch particular messenger RNAs. Similarly, 
other chemical signals switch off genes and 


stop further protein production. The struc- 
tural genes that carry the code information 
for specific proteins do not exist in isolation 
Each is associated with controlling elements 
in a genetic unit. Countless genetic units are 
linked together on the long DNA molecular 
strand, And the DNA strand itself is wrapped 
up in association with certain proteins [1 J.At 
cell division this nuclear material forms 
chromosomes. In humans, there are 23 pairs 
of chromosomes and, when dividing, these 
are thick enough to be seen with the aid of an 
ordinary microscope. 


DNA duplication 
The precise base-pairing in the double helix 
explains the ability of the DNA to duplicate 
itself accurately during cell division and pass 
on a complete copy of its genes from one cell 
to the next. When a cell divides in two, the 
DNA ladder splits neatly down the middle [3] 
and two new halves are synthesized by an 
enzyme called DNA polymerase. Each cell 
contains one old and one new DNA strand, 
ensuring that the new ladder has the same 
sequence as the parent one, 


called a codon (3), 
Molecules of transfer 
RNA [4] bring the re- 
quired amino acids (5) 
to the ribosome: 
where the enzyme pep: 
tidy! transferase (6) 
links the amino 
the growing peptide 


Uracil 


Cytosine 


Adenine 


Gu 


to 


Enzyme chain [7]. Once ite 

amino acid has been 

4 Proteins are assem- red the 

bled on particles transfer RNA moves 

known as ribosomes —_ away [8] and a new one 

11], The code for arrives [9], The 

the protein structure _strand of messenger 

contained in messen- RNA moves relative 
ger RNA [2]. Each to the ribosome so 


amino acid in the 
protein is coded for 
by a triplet of bases 


that new codons are 
continuously being pre- 
‘sented for translation. 


somes have distinct 
bands which corres- 
pond with single genes. 
When these become 
active, synthesizing 
messenger RNA, 

the band expands to 
form chromosome puffs. 
With @ high-powered 
microscope, a gene 

can be seen in action, 


The double helix 
the thread of life 
and is the name given 
toa ladder of de- 
‘oxyribonucleic acid 
(DNA) that forms 
Jong molecular coi! 
in our chromosomes. 
The chemical struc 
ture in this ladder 
encodes genetic in- 
structions in cells 
of every single 
living organism, 
A model of the DNA 
strand shows thi 
characteristic wind- 
ing of the double 
helix. its structure 
was discovered in 
England in 1953 by 
James Watson and 
Francis Crick at 
Cambridge Univer- 
sity and by Maurice 
Wilkins at the Uni- 
versity of London. 
The significance of 
their work in advane- 
ing knowledge of biol- 
ycognized 
of ajoint 
Nobel prize in 1962. 


ery similar 
to DNA but is single. 
stranded, the sugar 
backbone is modified 
‘and the base uracil re. 
places thymine, RNA 

\s transcribed from 

the DNA base sequ- 
ence. The information 
encoded in the chromo- 
some is required for 

the synthesis of 

protein structures in 

the cytoplasm of the 
coll. The messenger 
RNA [1] therefore 
Moves to the cyto- 
plasm where it joins 

up with ribosomes [2] 
80 that proteins can 

be made from amino 
acids [4] transported 

by transfer RNA [3] 

As the new polypep- 
tide chain emerges 

{5] it begins to 

fold into its charac. 
teristic shape [ 
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Principles of heredity 


Heredity is the mechanism by which 
characteristics are passed from parent to 
offspring. These characteristics include 
everything from obvious features such as eye 
colour or stature to the hidden parameters of 
body metabolism such as structure and quan- 
lity of enzymes. Such characteristics are said 
to be inherited by the offspring from the 
Parents, The detailed study of the mechanism 
of heredity is called genetics. 


Mendel and genetics 

Genetics is a relatively young science but the 
forces of heredity have been appreciated for 
a very long time. Ten thousand years ago, 
when man was on the threshold of organized 
agriculture, he quickly realized that better 
and better crops could be raised by actively 
crossing the good strong plants that had 
arisen by accidents of nature, But until the 
middle of the nineteenth century nobody was 
concerned with how selective breeding 
worked nor with the factors involved in the 
Passing on of characters through the genera- 
tions. The great breakthrough was achieved 
by an Austrian monk, Gregor Mendel 


‘1 The basis of sex. 1A 
ual reproduction is 

the fusion of gametes 
from the male and 
female (sperm and 
egg). In this way 
genetic material 
from two individual 
intermingles to create 
@ new individual. 

The result is 9 


‘remendous variation (A) in g cell destined 
between membersof tg form sperm the 

the same species. In chromosomes appear, 
humans, although when cell division 


there has been an 
estimated one hun: 
dred thousand million Sg 
people born, no two 

have boon aiike 

(apart from identical 

twins). Gametes 
produced by reduc 
tion division or 
meiosis, resulting 
inccells with only 
half the normal num 
ber of chromosomes 


Starts, as thin strands, 
o>, 


Whentwogametes —_{G] The centrioles 
fuse at fertilize (the spindle forming 
tion the correct bodies) now separate 
number isrestored. _to form four poles. 


2 Gregor Mendel is 
the father of gen 
tics, He was pro: 
foundly interested 

in science and per. 
formed many experi- 
ments on inheritance 
in pea plants. By 
analysing mathemat 
ically the outcome 

of crosses between 
differant strains of 
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pea he was able to 
establish the basic 
ws of inheritance, 
lendel sent his re- 
sults to a Swiss 
botanist who thought 
them unimportant. 
The value of the work, 
published in an ob 
Scure journal, was 
not realized until 
after Mendel’s death, 


(1822-84) [2], but for a number of reasons 
his work was ignored for many years. 

In his monastery Mendel investigated the 
inheritance of characters, or traits as they are 
often called, using pea plants as his experi- 
mental material [3]. The traits he examined 
included flower colour, texture of the pea 
seed and the size of the plant, The first stage 
of his experiments required two different 
strains of pea to be crossed, forming what is 
called a hybrid. By looking at the resulting 
hybrids he obtained some idea of the interac- 
tions of characters. For instance, whenever 
he crossed tall plants with short ones, no 
matter which plant donated the pollen, all the 
hybrids were tall, He said that the factor for 
“tallness" was dominant to that for “small- 
ness" in these plants; the factor for “small- 
Ness" was said to be recessive. 

In a series of such experiments Mendel 
demonstrated dominance and recessiveness 
in other characters, For instance, red flowers 
are dominant to white; smooth peas are 
dominant to wrinkled: and stem” or axillary 
flowers are dominant to terminal flowers. 
The next step was to allow the hybrid plants 


a 
. aa 
(B] The chromo: {Cl} Later each mem- 
somes become thicker ber splits itself length- 
and arrange in pairs: wise with each 

one fromthe mother, —_ part connected at 

one from the father. —_one point only, 

4 


33 


IH) Unlike the earlier [I] Afterthe new 
division there is Spindles are formed 
mow noexchange of —_the chromosomes 


Genetic material migrate in 4 groups. 
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All rod, Ried White led White 


to self-fertilize, a technique that allowed the 
Fecessive traits to reappear: for instance, self- 
fertilized hybrid tall plants yielded some 
small and some tall offspring. But the impor- 
tant thing was that there were always three 
times as many with the dominant trait as 
there were with the recessive trait 


The importance of genes 
To explain his results Mende! postulated the 
existence of “factors” or genetic elements 
(now known as genes), a pair of which was 
needed for each character, In the case of stem 
size, for example, there may be two genetic 
elements for tallness (TT) or one for tallness 
(7) and the other for shortness (1). Because 
tallness is dominant, a Trplant has a tall stem, 
The only way a plant can have a short stem is 
to double the dose of the shortness gene (11). 
When the two members of a gene pair are 
identical, as in TT, the organism is said to be 
homozygous for that character; a mixture, 
such as Ti, isa heterozygote. Once a gene pair 
is recognized, it identifies the genotype of an 
Organism, Whereas the actual appearance of 
the organism is its phenotype: if the genotype 


[D] "Crossing over” 
occurs with an ex- 
change of genetic mat- 
erial, important in 
generating diversity, 


{J} The 4 sperm a 
Produced, each with 


half the normal num: 
ber of chromosom 
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[E] The chromosome 
pairs align them. 
Selves around a 
spindle structur 
they then separate, 


wd 


IKIA similar reduc: 
tion division occurs in 
the female, only one 

cell becoming an egg, 
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[F] The paired chro: 
mosomes are parted 
by contractile fibres 
and migrate to the wo 
Poles of the spindle. 
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[L] New cells have 
the correct number of 
chromosomes and 
mixed parental genes, 


3 Mendel used garden 
peas to demon. 
strate dominant 

and recessive inheri 
tance. Pure-breeding 
plants were assumed 
to carry two genes 
(to be homozygous) 
for red (RR) or 

white (rr) flowers. 
The first (F,) 
generation of progeny 
were all red, sug- 
gesting that the red 
gene was dominant. 
All the members of 
this F, generation 
ware thus Rrin con- 
stitution, This was 
proved in the second 
(F,) generation back 
crosses between the 
two parental types 
and the F, off- 
spring. All the 
progeny of red-red 
crosses were red, 

Of the red-white 
crosses half were 
red and half white. 
Crosses between 

F, progeny gave a 
3:1 ratio of red 

to white flowers. 


of a pea plant is heterozygous Ty its 
phenotype will be tall 

Mendel's experiments laid the founda- 
tions for understanding inheritance. We now 
talk of genes, not genetic elements; we know 
that characters are usually governed by a 
collection of genes, not just one; and we 
know that genes are part of the chromosomes 
located in the nucleus, a discovery made by 
an American, Walter Sutton (1877-1916), 
30 years after Mendel's death, Humans have 
46 chromosomes in each cell, made up of 23 
Pairs; one set of the pair comes from the 
mother and the other set from the father 
[Key]. This means that for every character a 
gene (or genes) from the mother interacts 
with the equivalent gene of the father to pro- 
duce the phenotype of the offspring 


Sex chromosomes and sex linkage 
The double set of chromosomes is achieved 
when a sperm fertilizes an egg (ovum) [1] 
The sperm contains just one half of the male 
set while the ovum contains half of the female 
set. When they join to create an embryo the 


chromosome pairs, one is different in that the 
two chromosomes in the pair are not always 
identical in size. This is the sex chromosome 
Pair: the sex chromosomes are denoted ) 
which is big, and Y, which is small. A person 
whose genotype has two X chromosomes is 
female, an XY is male 

The difference in size between X and Y 
chromosomes gives rise to a number of so- 
called sex-linked diseases of which 
haemophilia [5] and colour blindness [6] are 
best known. The gene for haemophilia, a dis- 
ease in which the blood clotting mechanism is 
defective, is recessive and is located on the X 
chromosome. For a female to have this dis- 
ease, therefore, she must have a double dose 
of the haemophilia gene, one on each of the X 
chromosomes. Now, because the Y chromo- 
some is short, it has no room for the 
haemophilia (or the _anti-haemophilia) 
genes. A male will therefore suffer from 
haemophilia if the culprit gene appears on 
the X chromosome because there is nothing 
‘on his Y chromosome to combat it. Harmful 
recessive traits are more likely to be 


full complement is restored. Of the 23 expressed phenotypically with inbreeding 
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4 The fruit fly eticists have mapped 
(Drosophila meiano- many genes on these 
gaster) is a fav- chromosomes: for 


Ourite of geneticists 
because it takes up 
little space, repro 
duces every 10 to 15 
days and its cells 
contain only four pairs 
of chromosomes. Gen- 


example, genetic dam- 
age at 1 produces 
bar-shaped eyes 
2, sepia bodies; at 

3, lack of wings: and 
at 4, curly wings, 
Drosophila also has 


it 
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5 Queen Victoria's 
family numbered 
among its male mem: 
bers several haemo- 
philiacs, it seems 
that Queen Victoria 
herself received from 
one of her parents a 
gene for haemophilia 
that had changed 


giant chromosomes: 
whose basic structure 
can be seen by look: 
ing at cells in the 
salivary glands. 

They have bands 
across them and 

each band is now 
thought to correspond 
exactly to a gene, 


6 Colour blindness 
is 8 Sex-linked tr 
The recessive gene 
for colour blindness 
(c)is carried on the 

X chromosome. This 
means that a woman 
may carry one such 
gene but not show it 
Because she has two 
X chromosomes the 
second will probably 
bear the dominant 
gene for normal 
colour vision (C), 
making her Cc. If 

her son inherits the X 
chromosome with the 
egene, he has no 
dominant gene tor 
normal colour vision 
on his ¥ chromosome, 
and is colour blind, 


genetic information. 
The human chromo: 
somes are 46 in num. 


Spontaneously from 
the norm — that 
ithad mutated, Her 
father was normal 
and thore is no evi 
dence to suggest 
that her mother was 
a carrier of the gene. 


By various marriages 


this haemophilia 
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ber and consist of 23 
pairs, In each pair 
‘one chromosome 


gene was spread 
through many Euro- 
pean royal families, 
Itatfects mainly 
males because the 
gene is carried on 
the X chromosome. 
Males have an XY 
complement of sex 


determining chromo- 


pairs is responsible 
for sex determination, 
In the male, they 
dissimilar and are 
known as X and Y. 


somes so that if the 
haemophilia gene is 
present on the X, the 
individual will have 
haemophilia, Vie- 
toria’s family also 
share other obviously 
inherited character 
istics such as those 
of facial features, 


7 In Mendet’s early 
experiments he dealt 
with traits that were 
either one thing or 
the other — red 
flowers or white; 
wrinkled peas or 
smooth. But because 
most characters are 
influenced by more 
than one gene they 
tend to appear ina 
kind of spectrum, 
Height in humane 
spreads from short 
to tall, but because 
there is 3 pool of 
genes contributing 
to this factor there 

is @ so-called normal 
distribution with an 
average in the middle 
between extremes. 
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Life and its origins 


Life, it seems, should be easy to define - 
horse, for instance is quite clearly alive, 
whereas a lump of rock is not. The nature of 
life is something that has puzzled biologists 
for centuries but the basic feature of all living 
organisms is their ability to produce identical 
copies of themselves [Key], given the correct 
supply of raw materials. 


The essentials of life 
The simplest of all living creatures [4] consist 
of a single living unit, the cell. More complex 
creatures, whether plants or animals, are 
made up of many hundreds, even millions, of 
cells but creatures that are alive all share a 
number of essential characteristics, as well as 
the all-important one of reproduction. These 
are movement [5], responsiveness to the 
environment, growth, and the ability to har- 
ness the energy sources of the environment to 
their own use; this they do through the action 
of molecules called enzymes, found within 
the structure of the cell. 

Plants and animals, although they appear 
different, differ essentially only in the way in 
which the basic activities of life are carried 


1 Some 4,000 million 
years agoconditions 


rays blazed through 
this non-protecting 


Onearthwereunsuit- —_layeron tothe rocks 
able for life. The and we below: vol- 
atmosphere wascom- canoes and thunder 
posed of hydroge: storms were frequent; 
methane,ammonia _the heat was intense. 
and water vapour. The first step for the 
Thorewasverylittle~ emergence of life was 
ifany—oxygen in the creation of lite- 


related molecules 
‘such as amino acids 


out. Thus, animals move very obviously, 
whereas plants show complex and organized 
movement within their cells, Animals have 
sophisticated nervous systems with which to 
monitor their surroundings; plants are sensi- 
tive to stimuli such as light and gravity. And 
while plants use the sun’s energy to synth- 
esize many chemical components, ultimately 
all animals depend on plants as an energy 
source, whether they eat them directly or 
prey on others that do so. 

For life to be maintained, a balance must 
exist between the energy-producing capacity 
of an organism and all its energy-utilizing 
functions ~ such as growth and movement 
and cell maintenance and repair. Within a 
living plant or animal, every enzyme system 
designed to construct new molecules in the 
body is balanced by other systems that break 
down molecules to release energy. The sum 
of these two systems represents the organ- 
ism’s metabolism, 

In spite of the immense variety of living 
organisms, both in form and complexity, they 
are all fashioned out of the sume kinds of 
molecular building blocks [6]: proteins, 


from the atmospheric 
gases. Energy wa: 
Supplied by the sun, 
lightning, volcanoes 
‘and meteorites, The 
newly formed basic 
life molecules were 
polymerized by the 
sun's heatinto 
primitive proteins, 
nucleic acid chains 
and carbohydrates. 


3 Conditions on the 
primitive earth wore 
re-created by the 
American scientists 
Miller and Urey. 

They mixed hydrogen, 
ammonia and methane 


gases were further 
mixed with water 
‘vapour [2] and were 
Subjected to elec. 


carbohydrates, nucleic acids and fats. Nucleic 
acids carry the genetic instructions that are 
passed from parent to offspring; proteins 
Perform structural jobs and also take part as 
catalysts (enzymes) in the myriad chemica 

reactions that make an organism alive 
carbohydrates and fats are sources of energy 
and building blocks for all types of organisms 


How life began 
Establishing the origin of life depends on 
discovering how these chemicals were 
created. When the earth was created by 
cosmic events it was lifeless. Its noxious 
atmosphere and blazing hot temperature [1] 
were incapable of supporting organisms 
Before even the simplest life forms could 
begin to establish themselves on the maturing 
earth one essential step had to be taken: the 
evolution of the chemicals of life. This step ~ 
or, rather, countless series of random events 
— began the process by which the hostile 
atmosphere of hydrogen, methane, ammonia 
and water vapour of primitive earth 
evolved into a life-supporting cushion of 
oxygen, carbon dioxide and nitrogen 


2 The most primitive 
cells to be formed 
onthe early earth 
were probably simple 
structures known as 
protein spheroids, 


These have none of 
the detailed archi- 
tecture of the 


single-celled organ 


trical discharge [3], 
uid forming 
[4] being condensed 
back into the lower 
flask. This liquid 
was found tocontain 
four amino acids 
commonly used in 
natural protein syn- 
thesis, some fatty 
acids and other lf 
relsted molecules, 


a 


Tha cain 


ism, Laboratory 
experiments show 
that protein mole: 
cules suspended in 


roughly 
the same size ascells, 
with similarsur- 
rounding envelopes. 


The formation of carbohydrates, pro- 
teins, nucleic acids and fats probably took 
Place as a result of favourable chemical 
conditions prevailing on the primitive earth 
They almost certainly did not arrive on the 
earth conveniently pre-formed, as some 
Victorian scientists speculated, and there is 
now enough evidence to suggest that the 
atmosphere of the primitive earth certainly 
Provided all the necessary ingredients to gen- 
erate the more complex components of life- 
supporting molecules. 

Scientists have managed to re-create in 
the laboratory the conditions they think 
existed on the primitive earth [3]. The first 
major experiment along these lines was per- 
formed in 1953 by Stanley Miller(1930— ) 
and Harold Urey (1893— _) at the Univer. 
sity of Chicago. They passed an electricspark 
through a “primitive atmosphere” for one 
week. When they analysed the “soup” they 
had created they found a number of 
molecules characteristic of life, including 


four amino acids commonly present in pro- 
teins, a number of fatty acids and urea — 
another biologically important. molecule. 


cytoplasm within 
cells is characteristic 


im Sweeps 
the organelles with: 
inthe cell into 
circular motion (11, 
aprocess known 
cyctosis. Within an 
animal cell [8] th 
organelles, such 
the mitochondria (2), 
may chang 
move quite indepen- 
dently. Orthe cell 
nucleus [3] may spin 
continuously. In 
some human cells the 
Auclei rotate compie- 
tely every 3.5 minutes, 


cells, aredescendants life include proteins 
of ancient bacteria {Al, carbohydrates 
engulfed in this {Bl and fats |[C}, 
way. Similarly, the Cell proteins act as 
green structures in building materials 


plant cells, chloro- 
plasts [4], may once 
have existed separ 
ately as algae, 


ney 
Since then, representatives of all the classes“ 


of life-related molecules have been forged 
under harsh conditions similar to those that 
must once have been prevalent on our planet 

The synthetic chemistry of the maturing 
earth had to depend on natural energy 
Tesources such as ultra-violet light and heat 
from the sun, flashes of lightning, heat from 
volcanoes, radioactivity and the intense 
Pressure and temperature generated when 
huge meteorites crashed into and became 
embedded in the earth’s surface. 


The primordial soup 
Over millions of years there was a gradual 
build-up of vital fats, sugars, amino acids and 
acid components which formed 
“primordial soup". In order for life properto 
begin, however, these substances had to be 
fused together 

The central part of the chemical evolution 
of life was the production of the nucleic acids 
because it is these molecules that have the 
ability to replicate themselves. This self- 
Feproducing ability is crucial. Without it life 
would not exist or continue 


4 Thefirst, 


sophisti- 
cated single-celled 
‘organisms may have 
been produced by 
the aggregation of less 
complicated struc: 
tures. The acci- 
dental engulfing of 
nucleic acids and 
‘#nzymes (proteins) by 
aprotein spheroid 
may have been the 
basis of anormal cell 
Asimple cell like 
this could probably 
carry out some basic 
chemical reactions 
topursuesimple 
life processes. A 
big advance could 
have been achieved 
ifthese basic cells 
[2] were toenguit 
other smaller cells 
such as primitive 
bacteria |) or algae 
[3], Some scientists 
believe thatthe 
jusage-shaped 
ructures, mito- 
chondria [5], which 
perform many of the 
energy-releasing 
reactions inthe 


6 Themoleculesot 5 


and as enzymes; car. 
bohydrates and fats 
‘supply energy. Both 
are also structure 


Growth and repro- 
duction are two of 
the keys to life, 
Anon-living crystal 
[Al canentarge its 
size by aggregating 
more and more 
moleculesto its 
Surface, But this is 
Not growth in the 
living sense. Organ: 
isms that are alive (8) 
grow via theessen- 
tial process of bio- 
synthesis: raw mat- 
prials are obtained 
by the growing org- 
anism, broken down 
into simpler units, 
then reconstructed 
tofitin withthe 
organism's demands, 
ig crystals, 
though they can 
grow, cannot perform, 
the all-important 
fe" activity ~ unlike 
living cells they 
cannot split them- 
Selves into two 


grow and divide. 


5 Thesingle-celled 
organism Et 
like other living 
creatures, canr 
Pondto its envir- 
‘onment, move and 
feed. Euglena[A} 
isequippedwitha 
whip-like flagellum, 
1] whose action 
aids movemey 
is detected by a 


Light 


photoreceptor [2] 
which is period- 
ically shaded by a 
stigma [3). Excess 
water within the cell 
is expelled via 


Moving towards itin 
a spiral fashion [C), 
kooping its photo- 
receptor illumi 
but periodicalh 
shaded by the stigma, 
Thecreature can 

Je direction it 
ight source is 
moved from ono 
position to another, 


ed 
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Evolution of life 


The history of the earth is one of ceaseless 
change. This is particularly true of the plants 
and animals that inhabit its every corner, 
from mountain heights to ocean depths. The 
way living things have changed since life 
began is the story of evolution [Key, 4] 


Life's beginnings 

We do not know how life began, but it is 
almost certain that the first living organisms 
must have appeared in the ocean and fed on 
the organic molecules surrounding them, 
breaking them down to obtain their chemical 
energy without the help of oxygen. Perhaps 
more than a thousand million years later the 
important green chlorophyll pigments 
developed and enabled some organisms to 
create food substances from water and 
carbon dioxide using the energy of sunlight. 
So the first plants appeared, the “primary 
producers" or fixers of solar energy on which 
all other life forms depended. 

The evidence that evolution has taken 
place is copious. The most irrefutable part of 
this evidence is the fossil record [3]. Fossils 
do not in themselves prove that evolution has 


1 Thetime-scaleof 1 
evolution can be com 
pared toa 12-hour 

clock to clarity the 

stages involved. If 
midnight is regarded 

a8 the beginning of the 
clear fossil record 

about 600 


by the end 
of the Palaeozoic era, 
at 6.30, invertebrates, 
fish and amphibians 
were well established 
and reptiles had 
evolved. At the end of 
the Mesozoic, at 10.45, 
mammals had come 
to the fore. In the last 
1.25 hours mammals 
have been dominant 


3 Graptolve Jellytinh Giant naunioid, 


occurred, for each one of them could have 
come into being quite independently, But 
fossils that have been recovered from succes. 
sive geological eras show a distinct progres 
sion and also show that animals were adapted 
to cope with the conditions prevailing on 
earth during their lifetime (2] 

Other evidence for evolution has come 
from the study of living animals and plants. 
Comparative anatomy of the limbs of animals 
with bony skeletons, forexample, leaves little 
doubt that the hand of man has exact bony 
equivalents in the pectoral fin of a fish, Each 
is adapted for a particular way of life but is 
built to a fundamental plan that indicates 
fairly conclusively that fish and men share 
common ancestors. Embryology ~ the study 
of development ~ provides similar examples 
and so does animal behaviour. The hornbills 
of India and Africa, for instance, although 
they are different species, plaster up their 
nests in almost identical ways. Ata biochem- 
ical level affinities of descent are shown by 
similarities in such features as the chemical 
composition of the blood proteins. 

The overwhelming evidence of the fossil 


2 The star-like 

stem of an extinct 
crinoid or sea lily 
(Pentacrinus sp) is 
a.common fossil in 
sedimentary Jurassic 
rocks. More than 5,000 
fossil crinoids are 
known, the oldest of 
which dates from the 
Ordovician period 
‘over 430 million yi 
ago. Their hard skel 
etons fossilized eas. 
lly and most marine 
limestones contain 
fragments or even 
whole fossils, often 
in such quantities 
a5 to make up the 
bulk of the rock. 
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Clam, Coral, Brachiopod, 
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record that evolution has occurred as a pro- 
cess of gradual development by which ani- 
mals and plants could compensate for 
adverse changes in their circumstances was 
not accepted until the late nineteenth cen- 
tury. Indeed, it was not until the eighteenth 
century that scientists and philosophers even 
thought of studying objectively the way in 
which species had arisen. The French 
philosopher Montesquieu (1689-1755) was 
one of the first people to put forward the idea 
that “in the beginning there were very few 
species and they have multiplied since", The 
adaptation of the newly discovered flying 
lemurs on Java suggested this to him 


Evolution by natural selection 

Another Frenchman, the naturalist Georges 
Buffon (1707-88), was the first to suggest 
that ape and man have a common ancestry 
Buffon, like Charles Darwin (1809-82) who 
followed him, incurred ridicule from his 
peers. It was Darwin however — and Alfred 
Russel Wallace (1823-1913) ~ who, in 1858, 
first drew attention to the process of evolu- 
tion by natural selection, and in doing so took 


Twlobite, Sea scorpion, 
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3 Although the prim- 
‘eval sea teemed 

with life notable 
absentees were the 
vast array of fish. 
Instead, during the 
Cambrian and Ordovic 
ian periods, there was. 
a host of creatures 
without backbones. 


extinct. Many others, 
including those 
illustrated here, 
have descendants 
still alive today, 

The crinoids are 
Virtually unchanged 
but most of them 
are now extinct 


Brittle stay, 
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the scientific world completely by storm 

Natural selection is an astonishingly 
simple process by which successful organisms 
Survive while unsuccessful ones do not 
Mixing of parental stock and changes (muta~ 
tions) in genetic material ensure that in every 
species individuals begin life with small but 
important differences. In the battle for sur- 
vival, competition for scarce resources tends 
to eliminate the weakest in favour of those 
that are strongest or most adaptable. 


The species and classification 
The process of evolution by natural selection 
is essentially a conservative one, Animals and 
plants have not changed over the millennia 
for the sake of changing but only to compen- 
sate for changes in their environmental 
Circumstances. In species well adapted to a 
stable environment, most mutations are thus 
unfavourable and individuals carrying them 
soon die out because they cannot survive long 
enough to reproduce. In fluctuating environ- 
‘ments adaptability is essential for survival. 
The unit of evolution is the species 
because it represents the unit of mating, 


Mollusos 
Coslonterates 


Plants and animals of the same species can 
mate and produce viable offspring while 
organisms more distantly related cannot. The 
naming and grouping of species is designed 
not only for identification Purposes but to 
reflect evolutionary relationships. Species 
that are presumed to have a single common 
ancestor are grouped together ina genus, and 
the Latin name or binomial for each consists 
of the generic name first, followed by the 
specific name. Cats are thus classified in the 
genus Felis of which there are several species 
such as Felis pardalis, the ocelot, and Felis 
sylvestris, the wild cat 

Related genera are grouped togetherinto 
larger groups or families and several families 
together make up an order. Related orders 
are members of the same class and several 
classes form the largest practical unit of 
classification, the phylum, The ocelot is thus 
4 member of the family Felidae, the order 
Carnivora, the class Mammalia and the 
phylum Chordata. This tells us alot about its 
evolutionary history and relationships and 
the fossil record confirms it to be a descen- 
dant of a backboned carnivore. 


evolutior waves of dominance 
Pk tay ony ot he veriousaninat 
possible after plants —_- 9 ups. Nobody really 
had become estab- knows the reasons 
lished on earth, why some animals. 
shows successive failed inthe 
‘struggle for survival 
but many factors were 
probably involved, 


particularly those 
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Algal ancestor Protozoan ancest 
‘Steps in the evolu- Seeds (4), frond internal structure 
tion of plants (A) seeds |5] and flowers [9] and segmented 
have beenthedevel- (6). Invertebrate bodies [10]. Some 
‘opment of a vascular lacking 

‘system [1], roots (2), I shetls [11], 


leaves (3), cone 


affecting the envi 
onment. As evolution 
Progressed animais: 
became not only more 
diverse but also 
more complex. There 
must, inevitably, 
have been strong 
competition for 

pace and resources, 
in which the 
better adapted 
Species wore most 

iccessful. The 

arthropods and mol- 
luuses among invert 
brates, and the fish, 
birds and mammals 
among vertebrates, 
wore the most 
‘Successful of all, 


Reptiles 
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others have legs [12], 


5 Two of the strange 
creatures that walked 
the earth in times past 
were Ceratosaurus 
[A] and the mamma} 
Megatherium [B), 
Ceratosaurus wat 
fierce flesh-eating 
‘nosaur that lived dur- 
ing the Jurassic 
period. Megatherium, 
in contrast, was a 
giant planteating 
ground sloth alive dur- 
ing the Pleistocene 
period. Megatherium 
was still surviving 
when early man 
migrated to South 
America. By then 
Coratosaurus had 
been extinct for 

130 million years. 
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The world before man 


The story of the earth's evolution, unfolding 
over a vast span of millennia, begins with an 
empty stage. Although the fabric of the 
earth's crust is some 4,600 million years old, 
the first stirrings of life did not disturb the 
barren expanses of its surface until about 
1,000 million years after its formation. A 
further 3,000 million years were to elapse 
before the appearance of creatures that left 
recognizable fossil evidence. 


The time scale of evolution 
From their studies of the earth’s crust, scien- 
tists have distinguished three broad geolog- 
ical eras following the long awakening of the 
Precambrian. They are the Palaeozoic 
(Greek for “ancient life"), Mesozoic 
(“middle life”) and Cenozoic (‘recent life”). 
Each is divided into richly diverse periods 
and the Cenozoic, spanning about 65 million 
years, is further subdivided into epochs. 
Although the origin of life remains a sub- 
ject for continuing speculation, it was not 
until the publication of Darwin's theory of 
evolution in 1859 that the argument became 
the province of scientists as well as 


1 The age of fish 1 
began in the mid 
Palaeozoic era about 

400 million y 
ago. Before that 
time, there was 
neither ozone nor 
‘oxygen in the earth's 
atmosphere. Then 
strong-stemmed 
plants spread across 
the landscape, chang: 
ing the environment 
for the lungfish and 
primitive amphibias 
that evolved from 
Devonian fish stock 
These creatures 

were the first verte: 
brates to begin 
colonizing the land 


1 Dipterus 

2 Pterichthys 

3 Drepanespis 
4 Poraspis 

5 fehthyostegs 


3 The major stages latter is the latest geo 
of life's evolution logical era, dating 

can be depicted as back 65 million years. 
8 ribbon of i The four most recent 


spanning an interval 
of 600 million years. 
During that time a 
remarkable and over 
changing succession 
of life forms has 
populated the earth. 
Geological periods 
are the major divi- 
sions of this vast 
time span, They are 
shown to 2cale along 


epochs are the Mio: 
cene, Pliocene, Pieis- 
tocene and Recent. 
During the Miocene 
the mountains of the 
Alps, Himalayas 

and Roch up. 
lifted, temperate and 
polar regions cooled 
and grasslands re- 
placed the forests. 
Grazing animals 


the ribbon that winds spread over the pla 
through reconstructions In the Pliocene the 
{illustrations 1,2.and world continued to 


5] of three of the most 
significant eras, the 
Palaeozoic, Mesozoic 
and Cenozoic. The 
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cool, 80 tropical plants 
and animals retreated 
to lower latitudes. 
Camels, horses, 


philosophers. Modern palaeontologists, 
aided by technology, have confirmed much of 
his intelligent guesswork by accurate 
measurement. Great advances in particular 
have been made in the dating of fossil 
remains, The recent discovery of the basic 
genetic material known as deoxyribonucleic 
acid (DNA) has also increased our under- 
standing of two contrasting mechanisms in 
evolution. One is the way in which species 
reproduce themselves faithfully and the 
other is the process by which new species of 
animals and plants come into being. The 
second involves mutation ~ minute changes 
to DNA instructions. 

During the earliest period, the Precamb- 
rian, the earth was devoid of life for possibly 
4,000 million years. However, although 
there was no oxygen in the atmosphere, the 
primeval oceans of that desert world already 
contained the basic constituents of life 


Primitive organic structures such as bacteria 
and algae were the first to evolve, and their 
appearance, more than 3,500 million years 
ago, was the turning point in the history of 
earth, which had become inhabited. 


Sphenophyith 


b 
98 my _ 


antelopes and masto- 
dons lived on the 
plains of North 
America and Asia. 
During the Pleisto- 
cene an ice shield 
covered northern lati- 
tudes of America and 
Eurasia, advancing 
and receding over the 
plains four times. Men 
began farming, atter 


the final retreat 
of the ice, about 
10,000 years 

ago. Many gave up 
their former ways. 
of | 

hunter-gather 
set about establishing 
permanent agricultur 
al settiements on 

the fertile land 

of the plain, 


Following on from early soft-bodied 
forms, the shelled creatures of the Cambrian 
period provided the earliest yield of fossil 
remains, the most numerous being the many- 
legged trilobites. It was not until the Ordovi- 
cian period that the first fish-like vertebrates 
began to appear [1]. By the time that jawed 
fish had evolved, towards the end of the Silu- 
rian, marine plants were reaching the shore. 


‘The first land dwellers 
At last, as the Devonian period opened, there 
were living things on land as well as in the sea 
This was a time of great topographical 
change. The crust of the earth rose and fell, 
throwing up huge mountain ranges, and the 
oceans advanced and receded several times, 
exposing mud that was rich in organic mate- 
rials. As lush vegetation grew up to carpet 
bare rock, the first insects appeared. Then 
came the first vertebrate to emerge from the 
sea — the lungfish ~ and, by the end of the 
Devonian, amphibians had evolved. 

In the Carboniferous period the reptiles 
developed. These new animals had better 
brains and physical systems than the amphi- 


2 The reptiles wore 
the dominant life 
form during the Meso- 


placed by a more mod: 
ern flora of broa 
saved trees and flow 
ing plants. Prim: 
itive birds, as 

well as reptiles, had 
evolved by the Jur 
ic. Early mammals 
were present but 
wore insignificant. 


land supported a lush 
vegetation of ferns 
and conifers, which 
were gradually 
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1 Plerodoetyius 
2 Rhamphorhynchus 
3 Diplodocus 

4 Plesiosaurus 

5 Peloneustes 

6 Archaeopteryx 

7 Antrodemus 

8 Oligokyphus 

9 Stegosaurus 
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key 
bians from which they had evolved and, behaviour Certainly they gave rise to warm- 


furthermore, did not have to return to water blooded descendants, such as birds, which 
to lay their eggs. The cotylosaurs, or stem may have evolved directly from one of the 
reptiles, were a simple group that gave rise to two orders of dinosaurs, The first mammals 
many “new forms, the most significant in this age of reptiles were possibly mono: 
development from them being the mammal- tremes—the egg-laying mammals. 
like reptiles that sprang up in the Permian 
These finally evolved into the first mammals The end of reptile dominance 
in the desert conditions of the Triassic Towards the end of the Mesozoic era, 
Curiously, it was the thecodonts—smallin sweeping geological changes altered the face The shitting con- 
size. but one of the most successful reptile of the earth. Gradually the single large conti- _ tinents began av 
sroups that evolved intosome ofthe biggest nent had been breaking up into separate land Single “supercon 
Not al ee ecver lived, the dinosaurs [2]. masses [Key]. But now the slow-moving Thea 
Not all members of the vast dinosaur family drama of evolution suffered a bewildering present continents 
Peeks (however: the meut-cating change of cast: for no apparent reason, the 
Podokesaurus, for example, was only the size dinosaurs and their bizarre relatives, the 
Of @ chicken. But among the long-necked great swimming and flying reptiles, died out 
Peeetarians of the late Jurassic and early With their demise came the birth of + neg 
Cretaceous periods were the 25m (82ft) era, the Cenozoic, and the w became clear 
long Diplodocus, and Brachiosaurus which, for the proliferation of mammals [5] 
weighing more than 50 tonnes, was the The catalogue of mammalian lif 
heaviest land animal of any era, studded with such oddities as the first horse ~ 
Recent theories tend to suggest that the the size of a fox - was enlivened abou by 
dinosaurs and other large reptiles, including the arrival, a million years ago, of Homo 
the flying pterosaurs, were warm-blooded — erectus, the first man. It had taken more than 
and more like mammals than reptiles in 4,000 million years for him to appear. 


correspond to a net- 
work of cracks 
formed 200 

million years ago, 
Pangaea began to 
split in two major 
blocks 180 million 
years ago. The 
southern block 

later subdivided, 


Trenches, 
Mid-ocean ridges 
Transverse faults 


The rift between the 
eastern and western 
continents reached 
northwards splitting 
Greenland from 
North America about 
65 million years ago. 
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4 Fossils preserved 
in rocks provided a 
fragmentary record 
of life on arth 
in past ages. There 
are few traces 
of life batore 600 
million years ago 
but the rocks reveal 
how huge super 
continents shifted 
rigwns of Eorth TFist ving Over the face of Modern insocts appear 
a est prt re Much Wife in the sea and freshwater 
ae qemeneae, First roptiles. Winged insocts appear, 
‘Himalayas formed Urals formed Caledonian mountains formed picehtal ead) Carboniferous Fomagie maven teddy 
evolution from tho 


5 Mammals evolved — out the world. The 
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Cenozoic. Before 
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also overtook other 2 Uintatheenum 
formsof vegetation 3 Moeritherium 
and spreadthrough- 4 Hyracotherium 
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Evolution: classical theories 


The word evolution means an unfolding, a 
gradual development, and it is a word that 
has become closely linked with the origin of 
animal and plant species as they exist today 
Scientists now believe that through millions 
of years of the earth’s life, simple organisms 
have developed into more complex ones, 
cach better adapted to prevailing conditions 
than its predecessor. It is generally accepted 
that the ultimate survival of a new form is 
determined by an effect known as natural 
selection, or the survival of the fittest — a 
theory intimately associated with the name of 
Charles Darwin( 1809-82) [Key] 


Ideas about the origin of species 

Darwin published his theory of evolution in 
1859 in a book whose full title is On the 
Origin of Species by Means of Natural Selec- 
tion, or the Preservation of Favoured Races in 
the Struggle for Life, but which was popularly 
abbreviated to The Origin of Species. He sug- 
gested that the development of species is a 
continual process, and implied that man him- 
self must have evolved from an ape-like 
stock, This was considered by many to be an 


1. On 27 December pedition. The Beagle 
1831 Darwin set sail explored extensively 
‘on board HMS. around South Ameri 


Beagle at the begin- 
ning of a five-year ex- 


a, and a8 the ship's 
naturalist, Darwin 


7.6. abinydeni 


Te. microphyes 


heretical proposal at the time. The first edi- 
tion of the book, some 1,200 copies, was sold 
‘ut on the day of publication, an indication of 
the prevailing interest in the subject, 

After much critical examination by scien- 
tists, and a great deal of public scorn and deri: 
sion concerning man’s supposed origins in 
apes, the theory of natural selection was 
assimilated and has remained ever since the 
central pillar of our ideas on evolution. 

The modern conception of species as such 
began with John Ray (1627-1705) in the 
seventeenth century. and was established 
fully by Car! Linnaeus (1707-78) in the fol- 
lowing century. It was the Linnaean 
classification system that really emphasized 
the relationship between similar species, the 
variations on a theme that so impressed 
Darwin in his observations. 

One theory about the origin of species 
that held sway for a long time, and encom- 
passed the Christian view on the creation of 
man, suggested that species were created 
spontaneously, perhaps sequentially, after a 
series of disasters. But the obvious relation- 
ships between species that emerged from 


studying Linnaeus’s classification of organ- 
isms forced people to look for the origin of 
species in a process of gradual change 

It was Georges Buffon (1707-88) who. 
first seriously suggested that the environment 
had an important effect on the evolution of 
species, This idea was developed by Jean 
Baptiste Lamarck (1744-1829), and it is his 
name that is attached to the suggestion that 
species inherited characteristics that were 
adaptations to the environment. 


‘The basis of Lamarck’ theory 
Basically, Lamarckism is simple and attrac- 
tive. It proposes that changes in external 
conditions create new needs in the species 
living there [6]. These new demands lead to 
new patterns of behaviour that may involve 
modifying the use of existing organs, thereby 
altering their structure, It is these altered 
structures that the offspring are thought to 
inherit. For instance, Lamarckian theory 
proposes that giraffes have developed long 
necks as a result of their repeated attempts to 
reach food in high trees. 

Lamarckism attracted a lot of support, 
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during the voyage of 
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a Pinta (Te. abingeorn) 


San Salvador 
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(Ta merophyer) 
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(Te: elephantopus) 


San Cristobal 


Espatola (7'# hoodensis) 


Darwin's route 


(Te chathamensis) 


2 While on the Gala- 
pagos Islands, 
Darwin discovered 
specimens that con- 
vinced him that a new 
explanation wé 
needed of the origin of 
species. He was es- 
pecially intrigued and 
puzzled by the similari- 


6 elephamtopus 


tiesand differences 3 The giant tortoises 
between the giant can all be regarded 
tortoises, Testudo 18 varieties (sub- 


elephantopus, a dif- 
ferent sub-species of | elephantopus, a 
which inhabited each species believed to 
island. Shells ofthe have originated from 
tortoises named next a South American 
totheirislands are tortoise (Testudo 
shown in illustration 3, tabulata). The shells 


species) of Testudo 


Le chothamensis 


vary from island to 
island, Unfortuns 
¥ of the tortoi 
fe now becoming rare 
because introduced 
animals are destroy- 
ing their food, eggs 
and young. A conser- 
vation programme 

is now under way 
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tame of it after Darwin's natural selection tial offspring (whether BBS OF spores), and Englishman Charles 
theory was published, and it is easy to see that only a few survive: Life, then, was a Robert Darwin do- 


why. But in fact the laws of inheritance 
simply do not allow Lamarckian inheritance 
fo operate, As we now know from modern 
genetics, characters are passed from parent 
‘o offspring by means of the genesin the germ 
cells (the ones that form gametes), and struc- 
‘ural changes in distant parts of the body do 
not modify the genetic constitution of the 
germ cells or indeed of any cells. 

It was against’ the background of 
Lamarckism that Darwin produced his 
theory of natural selection. He set sail in HMS 
Beagle [1] as the expedition’s naturalist and 
returned five years later a confirmed 
evolutionist, the transformation having taken 
place on the Galapagos Islands, 


The fruits of Darwin's voyage 

In all his explorations during the five-year 
voyage, Darwin was impressed by the subtle 
variation between species [3], particularly 
among the finches on the Galapagos Islands 
[5]. Darwin noticed that in almost all organ- 
isms there is a massive production of poten- 


struggle for existence. The next important 
Step in the development of Darwin's ideas 
was his recognition of the great individual 
variation within populations, 

The combination of these two points pro- 
duced a third: those variants that survived to 
adulthood in the struggle for life were, 
Presumably, the ones most fit to do so 
Darwin supposed that individual variation 
could be inherited by offspring from their 
Parents. He therefore saw evolution 
Operating through the natural selection of 
inheritable variations. 

Darwin first developed this theory as 
early as 1838 but felt unable to Publish it, 
pethaps because it went so much against his 
father’s beliefs. Eventually he was virtually 
forced into Publishing when Alfred Russel 
Wallace (1823-1913) sent Darwin a short 
Paper on his theory on evolution, a theory 
that matched Darwin's own exactly, The two 
men presented a joint paper to the Linnean 
Society in 1858, and Darwin Published The 
Origin of Species a year later. 


5 The finches of the 
Galapagos Islands 
Provided Darwin with 
an important clue 
his theory of evolu- 


veloped the theory 
of natural selec- 
tion in evolution. 


Some adapted to 
tree living, others toa 
cactus habitat and still 
others to the ground, 
The different popula: 


cal separation al 

lowed divergent evo: 
lution until separa 
species developed 
whict 


When they arrived 
there were no indigen- 
us finches on the is- 
lands, The invading 
birds were all seed eat 


tions adapted to ditfer- 
ent foods and this is 
reflected in the shape 
of the beak. The eco 
logical and geographi 
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All the modern 
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Evolution in action 


Since its publication in 1859, Charles Dar- 
win's theory on the origin of species has 
enjoyed phases of popularity, and sometimes 
it has been almost totally eclipsed by contem- 
porary ideas, But, modified and improved by 
new data and new ideas, the theory has sur- 
vived in essence and remains central to cur- 
rent views on evolution. 

The key word in Darwin's theory is varia- 
tion: he continually emphasized the subtlety 
of the variations within a species. This 
phenomenon is known as continuous varia- 
tion. In contrast, there are often distinct 
differences between species and these are 
termed discontinuous variations. Emphasis 
‘on these forms of variation led to the first 
challenge to Darwinism. 


The challenge to Darwin's theories 

In 1894 William Bateson (1861-1926) pub- 
lished a book, Materials for the Study of 
Variation, in which he pointed out with some 
force the difference between continuous and 
discontinuous variation. It was then an easy 
step to suggest that evolution may have pro- 
gressed through jumps provided by 


B 


discontinuous variation, rather than the 
smooth slides of continuous variation. 

Bateson's implication was taken up 
enthusiastically by Hugo de Vries 
(1848-1935) in observations of cultivated 
plants. He noticed that in a population of 
plants there occasionally appeared a variant 
strikingly different from the rest. Such varia- 
tions, he insisted, were quite outside the 
range of continuous variation. De Vries 
named this phenomenon “mutation”, 
ally new concept, to explain the appearance 
of discontinuous variations. 

Out of all this emerged the mutation 
theory of evolution, much of which de Vries 
published in the first years of the twentieth 
century. Evolution, it suggested, was 
mediated through sudden spontancous 
changes rather than depending on natural 
selection acting on continuous variations. At 
about that time the work of Gregor Mendel 
(1822-84) on inheritance was rediscovered, 
after almost 40 years of obscurity. Genetics 
as a real science was then born and, superfi- 
cially, it seemed to support the mutation 
theory as against orthodox Darwinism 
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With the reality of chromosomes and the 
notion of genes now before them, it was easy 
for geneticists to envisage evolution in terms 
of major jumps. For instance, X-rays and cer- 
tain drugs could inflict change within a 
chromosome, and rearrangement of the 
chromosomes themselves also occurred, both 
of which could induce physical changes. 


The results of chromosomal re-ordering 

One dramatic example of a new species 
emerging as a result of chromosomal change 
was a plant, Spartina townsendii, more com- 
monly known as rice grass. A count of 
chromosomes on this grass, which was first 
noticed in 1870 on mudflats in the south of 
England, totalled 126: this grass was clearly a 
hybrid between two other species of Spartina, 
‘one with 56 chromosomes and the other with 
70. The new species thrived and multiplied 
phenomenally, a good example of a new 
species created by discontinuous variation 
filling an ecological niche and surviving. This 
type of process, although probably not 
uncommon in plants. is rare in animals of any 
complexity because the mechanics of sexual 
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1 The Peppered 
moth, (Biston betular- 
a) (A), of Europe 


originally lived on lich- 


en-covered trees 
whore its light colour 
gave some protective 
camoutiage. During 
the 1800s industrial 
pollution killed much 
of the lichen and 
covered trees with 
‘soot, The light col- 
‘ured moth was now 
more easily seen by 
its predators and two 


darker forms, insu- 


rker moths 
now better cam. 


ouflaged and soon be- 


came abundant in in- 
dustrialized areas. 

[A] now thrives 

in non-industrial 
areas and the dark 
‘ened, but not black 
form [B] is found in 
semi-industrial zones. 
This is an example 

of evolution in action, 


2 The typical two- 
spot ladybird has 
two black spots on a 
red background, but 
‘melanic forms have 
the colours reversed, 
The melanic forms or 
morphs appear more 
frequently if there 

is little sunshine and 
are more active at 
lower temperatures, 


‘as shown here. A lady- 


bird of each form is 
chilled for 30 minutes 
at8°C (41°F) [1], The 


activity of the two. 
forms is recorded as 
the number of squares 
each enters ina set 
time [2], The metanic 
form is found to be 
more active [A]. The 
frequency of each 
form in the popula- 
tion is plotted 

against the hours of 
sunshine. s 
of low sui nd 
consequently tempera: 
ture, melanic forms 
are more common |B} 


a 
a 


Yellow 1-5 bands 


Pink 1-5 bands 


Brown 1-5 bands 


Yellow 


Pink 


Brown 


3 The shells of the 
‘snail Cepaea nemora: 
lis can be of three diff- 
erent colours: pink, 
yellow or brown. A 
series of bands may 
be superimposed on 
the shells, The pro- 
portion of colours. 
and banding varies, 
depending on the eco 
logy of the habitat 
and the ability of 

the predator thrush 
to recognize them. 

In short turf [A] 


CONNECTIONS. 


See alse 
E 


* | D000 


fa al alll bli ll 


| Sener 


the greenness and 
uniform nature of 

the background 
favours the yellow 
unbanded snail. In 
beech wood [8] the 
degree of banding 
depends on the leaf 
carpet. In rough 
herbage (C] yellow 
banded snails are 
best camouflaged. 
Leaf litter [0], 

ins deciduous wood, 
favours brown 

shells, without bands. 
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reproduction tend to prevent such chromo- 
some assemblage [5]. 

Mutational events are undoubtedly 
important in evolution, and as geneticists 
discovered more and more about the struc- 
ture of genes, they came to realize how subtle 
such changes could be. The hereditary 
information in genes is written in a code of 
nucleotide bases, triplets of which represent 
single amino acids. If one of these bases is 
altered, a new amino acid may be coded, 
slightly altering the structure of the protein 
for which the gene carries the total informa- 
tion. A changed amino acid in an unimpor- 
tant part of the protein molecule has no effect 
on the organism's phenotype, and it is this on 
which the forces of natural selection act. 

A mutation in a crucial area of the 
molecule, however, may make itself felt And 
the degree of modification in the phenotype 
depends on the number of genes that are 
responsible for that particular character. If 
the character is determined by a single gene, 
mutation in that gene may have a dramatic 
effect, in other words producing a discon- 
tinuous variation; but if a battery of genes 


4 Species are kept 
ina number 

of ways. Isolation 

can be due to habitat 


shore and the other 
in meadows. Three. 
spined sticklebacks 
isterosteus acul- 
vatus) have two pop- 
ulations in Belgium, 
‘one marine the other 
freshwater [2]. Of two 


campion (Silene mar- 
itima) and bladder 
campion (S. vulgaris) 


combine to shape that character, mutation in 
one of them may have only minimal effect. 

It is therefore clear that a sharp distinc- 
tion cannot be made between orthodox Dar- 
winism and the mutation theory — they 
overlap. The principle of selection remains 
sound, and the new synthesis of ideas has 
become known as neo-Darwinism. 


The problem of altruism and the individual 
By its nature, selection acts on the individual: 
it is the survival of individuals that overall 
makes a group of them (a population) suc- 
cessful; it is on the individual that the forces 
of the environment act. And yet this 
emphasis on individual rather than group 
selection has thrown up the problem of exp- 
Jaining altruism in animals, a trait that 
undoubtedly exists. For example, a worker 
bee will sting an invader to defend the hive, 
and die in the act. How can suicide be 
favoured by natural selection and survival of 
the fittest? The answer to this puzzle can be 
seen in the drive to ensure the future survival 
of genes identical with those possessed by the 
now dead individual, 


spring, the otherin are unable to mate; 


summer. The chances _ if they do [E] the 
ofcross-fertilization gametes are usually 
are thus reduced, incompatible or the 


lsolationisalsodue egg is unattractive 
to behavioural dif- to the sperm (6). In 
forences [C}, Fruit blackcaps (Syivia 
flies 3) have acom- —_atricapilla) and gar- 


den warblers (S. 
borin} [4] the song is 


plex courtship so 
that related species 


c 


Se ti 


viable [1], but Species of Lactuca 
‘one grows onthe sea: [BJ one flowers in 
5A 8 
@iiyone bee 
infertility re 
id breaktovn 


Female 


@ dae 
Os 
6 


allure of development 


> DB 


@ Hyon inviawiny 


3 


& & & 


10 million yoars ole 3 million years old 


& 6&6 


A sories of fossil 


can give rise to 
‘shells from success- 


large changes that 


species, a fact that 
would not be known 


sive layers of rock are obvious at first without such a full 
illustrate how small, glance. Despite this, _fossil record. They. 
almostimperceptible all the shells, range from three to 


changesinstructure = membersofthe same — 10 million years old. 


soiro 
summer CJ 


Crested seriaina 
Carina cristata 


highly specific. 
Mechanical isolation 
[D} exploits the 
$08 of insects, flowers 
having different col- 
ours and structures, 

MW transferred, pollen 
often does not grow 

‘a tube long enough 
to reach the ovule [5}, 


5 Sometimes species 
{and even subspecies) 
are kept distinct by 
incompatability of 
Genetic material 

after mating. The 
mule [A] produced by 
@ mare and a male 
donkey is sterile, as 
isa hinny, the cross 
betwoen a stallion 
and a female donkey, 
Ifa fertile (viable) 
hybrid is formed 
from different 
species and is then 
‘mated with one of 

its parents, weak or 
sterile offspring 
arise, as in certain 
cotton plants [8] \ 
fruit flies [C} 

Rolated species of 

Grain (Triticum aes- 

tivum, whost and rye 

Secale cereale) [D} 

and different races of 

the North American 

leopard frog (Rana 


- Not 


Secretary bird 
Sagittarius 


pipiens) {E] can 6 Many species of the proteins of the 
Produce hybrid seeds birds are similarin white of the eggs 
or eggs respectively their true re: 

but the embryos convergent evolution, — lationshi 

fail to develop, but by referring to be established 
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Bacteria and viruses 


Bacteria and viruses are the smallest forms of 
life on earth; about 250,000 of them would 
cover the full stop at the end of thissentence 
They are simple creatures, but they are not 
primitive [1]. They have a capacity for sur- 
vival in inhospitable places and an ability to 
adapt to mew conditions that puts them 
among the most successful and advanced of 
living things. 

Although associated with disease, death 
and decay, the role of bacteria in returning 
essential nutrients to the soil, and in making 
complex foods that can be used by other 
living creatures, means that they are essential 
to the balance of nature 


Viruses and their effects 

Viruses have been described as “living 
chemicals”. They neither feed, breathe, grow 
nor move and are never found living free in 
nature. Yet once within a living cell [4] they 
can take control of it and subvert it from its 
ordinary activities to the production of new 
viruses. All living cells are susceptible to 
attack by viruses - even bacteria fall victim to 
a special virus, the bacteriophage (“bacteria- 


Cis) 
> 
=) 
= 


1 Micro-organisms Fy 


vary greatly in size, 
On the scale shown, 
a large filamented 
bacterium would be 
too large for the 
page, while the 
smallest virus would 
scarcely be visible, 
Micro-organisms are 
measured in micro- 
metres or microns (js) 
One j. equals a mill: 
jonth of a metre. [A] 
{B] and [C] are cellu: 
lar bacteria. Haem: 
ophilus influenzae (0) 
is a large virus and 
[E] is @ mycoplasma, 
the smallest known 
free-living cell 


2 Tobacco mosaic 
virus “particles” 
each take the form of 
a tong, hollow rod 
[A], measuring 300 
millimierons in length 
and 18 millimicrons 
in diameter. Ribo: 
nucleic acid (RNA) 
forms a helical spine 
1) around which the 
protein units (2) 
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are arranged. This 
Virus was the first 
to be fully separ 
ated from its host 
plant and purified. 
Infected leaves were 
ground up and the 
virus separated, 
This showed that a 
living organism 
could be handled 
like a chemical, 


eater”) [5]. Virus “particles”, seen under the 


microscope, are the infectious agents, inert 
bundles of chemicals travelling between the 
last 


victim” cell and the next 
Viruses comprise a core of hereditary 
surrounded by an envelope of pro: 
nt virus particles [2] enter living cells 
through damaged cell walls, while animal 
virus particles [3] are taken up by the cell as if 
they were morsels of food. Bacteriopha, 
inject themselves into their victims. Once 
inside, the viral hereditary material takes 
control, diverting its victim's cellular 
machinery to new virus production 

Viral infection is usually specific, A par- 
ticular virus will attack only one organism, or 
only one part of that organism, Virulent vir 
uses destroy the cells they attack with the 
release of the new viruses — these cause dis- 
eases such as yellow fever, poliomyelitis 
influenza, the common cold and smallpox 
Latent viruses do not destroy the 
immediately, but may coexist with them for 
long periods. 

Antibiotic drugs 
ineffective against viruses, but living 


victims 


are comparatively 


3 Chickenpox and 
shingles are caused 
by a typical animal 
virus, the herpes 
‘particlo". Its deoxy: 
ribonucleic acid (DNA) 
core is surrounded 
by 162 protein units 
in the shape of a solid 
5 with 20 plane faces. 


5 The bacteriophage, 
the most complex 

3 of all viruses, 
infects bacteria. It 
consists of a head 
(1], 8 protein tail 
surrounded by a re- 
tractable sheath of 
protein units [2] 
and tail fibres [3]. 


produce antibodies that give immunity to 
viral attack, and vaccination with killed virus 
can be used against diseases such as 
poliomyelitis. Interferon, a substance pro- 
duced naturally by living cells in response to 
viral attack, prevents viral multiplication, but 
has proved difficult to use medically 


The ubiquitous bacteria 
Unlike viruses, bacteria are cellular, but their 
cells are very much more simple than those of 
higher organisms and vary greatly in size 
and shape [6, 7, 8]. Bacteria are found 
everywhere and can live in conditions that 
defeat more complex organisms. They have 
been found 9km (6 miles) below the surface 
of the ocean, floating in the upper atmos 
phere, attached to rocks washed by the spray 
from boiling springs and surviving in small 
pockets of liquid water in otherwise frozen 
soil. When conditions worsen some bacteria 
produce a resistant resting stage, the endo: 
spore, the most resistant living thing known. 
Even boiling will not kill some endospores 
Of all places to live, the body of another 
organism is the most dangerous. Bacteria 


4 Viruses can live 
and multiply only 
within living cells, 
The viral hereditary 
material is simply 

a blueprint for the 
creation of more 
viruses. In multiply: 
ing they may cause 
disease. Cowpox, for 


‘example, is caused 
by Vaccinia virus, 
one of the largest 
viruses, It can enter 
the host call only 

by courtesy of its 
victim. [A] A pocket 
forms in the host's 
cell membrane which 
the virus particle 


6 Typhoid is caused 
by the rod-shaped 
bacterium named 
Salmonella typhi. 


7 Round staphylo- 
cocci form cell 
clusters. These 
are from a boil 
‘on human skin. 


CONNECTIONS. 


Seo also 


enters and is then 
ferried across (8) 

At the inner surface 
the viral core is re: 
leased into the cell 
contents, hereditary 
material escapes 
from the core [C] 
and the production 
of new virus begins. 


gain entrance through wounds. Once inside 
they must resist their victim's defence 
mechanism, chiefly phagocytes (cells that 
would engulf them) and antibodies that 
would destroy them. Some bacteria have 
slimy capsules on their outer surface that 
phagocytes cannot attack. Others are able to 
live within the phagocyte after being 
engulfed; some bacteria produce camouflage 
substances that give the invaded cell the illu- 
sion that no invasion has taken place and 
therefore no antibodies are produced 


Harmful and helpful 

Bacteria can harm in three ways: by clogging 
Vital passages through sheer numbers; by 
Producing poisonous substances — tetanus 
poison (toxin) produced by the soil organism 
Clostridium tetani is one of the most 
Poisonous substances known to man—and by 
Producing an allergic reaction in their vic~ 
tims. Antibiotics have been effective against 
bacterial infections for some time, but bac- 
teria are appearing that are resistant to these 
chemicals. Bacteria multiply rapidly, dividing 
‘once every ten minutes in good conditions, so 


8 Cystitis and 
other urinary tract 
infections may be 
caused by Proteus 
vulgaris, a rod 
shaped bacterium 
bearing waving tla 
golla. The shape of 
the bacterial cell 
is important to its 
survival. Spherical 
cocci are more re. 
sistant to dehydra- 
tion than rods or 
spirals, while rods, 
are better able to 
abstract food from 
their surroundings, 
Spirais and rods are 
the most common 
bacterial shapes. 


break down, releas. 
ing its heredi 
tary material 


parts of which can 
be picked up by a 
nearby cell which 
gains those charac- 
teristics of the des- 
troyed cell and is 
said to be trans. 
formed |B]. However 
bacteria commonly 


reproduction [A\ 

The “mate” forms a 

tube through which 
di 


ial passes reproduce by split- 
tothe “female”. The ting in half. Their 
resulting cell shows hereditary material 


divides first and 
then the whole cell 
Splits to produce 
two identical daugh. 
ter celts [C]. This is 
known as fi 


some of the charac. 
teristics of the 
male”. The process 
is called conjugation 
More unusually, a 


the chances of mutants arising, resistant to 
Particular antibiotics, are high. 

Bacteria living within other creatures are 
not always harmful. The intestines of cows, 
sheep and goats all contain a special sac, the 
Tumen, which contains bacteria and helps the 
animal to digest plant cellulose [12]. 

The mycoplasmas, smallest of all cellular 
creatures and perhaps an interim stage be- 
tween the viruses and the bacteria, can exist 
in nature by living on sewage, but may also 
live in animals where they cause diseases such 
as a form of arthritis in swine. 

Bacteria break down dead bodies and 
return the vital substances contained within 
them to the soil. Without the continual 
recycling of these vital building blocks, life 
could not continue. Man makes use of bac- 
teria in sewage works to render organic waste 
harmless, in composting [13] and in making 
cheese, butter and vinegar 

Between bacteria, viruses and other cre: 
is constantly maintained 
in which coexistence is the dominant theme 
Invasion leading to disease and d 
her than the rule. 


tures a fine balance 


exception ra 


11 Viruses mutti- 
plying in a.cell can 


of 


mistake [Al and carry 
itto 9 second vic 

tim where it becomes 
incorporated inthe 
new host's hereditary 
material. Specific 
genes can be so 
transferred [8], 

This is transduction 


OOO® © 


A bacterium is boun- 
ded by a rigid wall 
{2} outside which may 
bea slimy capsule 
[1]. Afine membrane 
[3] surrounds the 
cell contents, The 


hereditary material 
(4) lies free withi 
the cell, together 
with the machinery 
thot manufactures 
the cell substance 
(51. Some bacteria 


appear hairy (6) and 
‘some bear flagella 

[9]. Granules of 
storage material 

(7, 8) are also found in 
some bacteria such 
as Chiorobium spp, 


h is the 


9 Bacteria acquire 
energy in several 
different ways. All 
bacteria must eithor 
elaborate their 

‘own food using light 
or chemical energy, 
or find it ready made. 
Some do not need 
‘oxygen — they are 
anaerobic, Actino: 
myces [2 causes 
rotting in compost 
heaps [9] while 
Rhodopseudomona: 
{4} lives in the mud 
the bottom of lakes. 
Leptospira [6] lives 
inthe human kidney, 
causing a form of 
jaundice, Others 


Such a8 Gallionella 
[3] need oxygen, 
While some, such as 
Rhizobium {1}, fix 
nitrogen inthe root example, obtains its 
nodules [8] of ‘energy from chemical 
leguminous plants. —_—_reactions when 
Bacillus anthracis(7|__oxygenis available 
causes anthrax in and from light when 
hoofed animal oxygen is sparse, 


Some bacteria can 
five with or without 
oxygen. Rhodo- 
spirillum |S}, for 


organisms that 
break down the com: 
plex plant cellulose 
structure into 
simpler sugars. 


13 Compost heaps 
usually comprise soll, 
dead plant matter 
and excreta, Bact- 
eria break these 
materials down into 


simpler substances, 
many of them nitro: 
genous, which can be 
used as fertilize 

As a result of 
bacterial activity 
energy is released as 
heat and a compost 
heap may become 
very hot and burst 
into flames 

when air enters. 


12 Cattle, sheep and 


goats live on grass 
yet without bacteria 
they cannot digest 
the cellulose and so 
release the sugars 
essential to energy 
Provision. A special 
section of their gut, 
the rumen, contain: 
vast numbers of 
bacteria and other 


14 All living things 
need nitrogen but 
cannot assimilate 
nitrogen gas. Small 
nodules on the roots 
of leguminous plants 
contain bacteri 


that help to “fi 
nitrogen gas and 
convert it into 
@ usable form. 
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Table of animal taxonomy 


Modern systems of animal (and plant) classification are 
based on the work of the Swedish botanist Carl Linnaeus 
(1707-1778). Because his knowledge of animals and plants 
was limited, his classification has been extensively changed, 
but its principles remain the same. 

Linnaeus divided living things into groups of diminishing 
size—class, order, genus and species—on the basis of 
common characteristics. Thus members of the same species 
have most characteristics in common and can breed 
successfully, while members of the same class have the 
fewest common characteristics. Normally only members 
of the same species produce viable offspring and for this 


reason the species can be considered as the taxonomic 
unit of breeding. Taxonomists have since added the 
phylum—a group of one or more genera. 

The system given here is used throughout The Natural 
World and is one of a number of widely accepted systems. 
The construction of animal classification systems is so 
complex, and so subject to individual judgement, that in 
1898 an International Commission on Zoological Nomen- 
clature was set up. The commission is the authority that 
decides what the thousands of new species discovered each 
year shall be called. 

Plant classification is covered on pages 38 to 39. 
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Anatomy of the earth 


The carth is made up of several concentric 
shells, like the bulb of an onion, Each shell 
has its own particular chemical composition 
and physical properties, These shells are 
grouped into three main regions ; the outer 
most is called the crust, which surrounds the 
mantle; the innermost is the core. 

The solid crust on which we live is no 
thicker in relation to the earth than an egg 
shell, taking up only one-and-a-half per cent 
of the earth's volume. Scientists have been 
able to learn a great deal about the upper- 
most part of the crust by direct observation. 
Their knowledge of the earth's interior, on 
the other hand, comes from the study of 
earthquake wave paths. 

Earthquake waves are bent, like light 
passing through a piece of glass, when they 
traverse rock boundaries with different 
densities. If the waves hit the boundary at a 
low angle, they are reflected instead, Waves 
from distant earthquakes emerge steeply 
through the crust while those from carth- 
quakes nearby emerge at shallow angles. By 
knowing these angles, the velocities at which 
the waves emerge, their times of arrival and 


1 The earth's crust 
varies in thickness 
from 40km (25 miles) 
to 5km (3 miles) under 
the sea-floor. With 
the uppermost mantie 


it forms the rigid 
lithosphere [1] which 
overties a plastic 
layor, the astheno: 
sphere (2), on which 
itmay drift sideways. 


1 
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distances travelled, geophysicists have been 
able to compute the positions and densities of 
the carth’s different shells. 


‘Observing the earth’s crust 

The chemical composition of the crust [Key] 
and upper mantle is known from direct 
observation of rocks at or near the earth's 
surface [2]. Below the upper mantle, little is 
certain, although similarities may exist bet- 
ween iron and stony meteorites and the 
composition of the earth's deep interior. 

The upper crust over continental areas is 
known as “sial” (from the first two letters of 
its most abundant elements, silicon and 
aluminium). Over oceanic areas, and under. 
lying the continental sial, is the crust called 

‘sima” (from silicon and magnesium, the 
most abundant elements found in it) [Key] 
‘The sial has a density of 2.7g/em'; itis lighter 
than the sima (density 2.9g/cm’), and lies 
above it to form the continents, The oceanic 
crust is made of sima with a thin veneer of 
sediments and lavas. 

The crust is separated from the mantle by 
a sudden change of density (2.9 to 3.3g/em’) 


The upper mantle [3] 
goes down to 700km 
(430 miles) where it 
overlies the lower 
mantle [4]. The mantie 
is made of peridotite 


which is near melting: 
point in the astheno- 
sphere. This at least 
is the explanation 
for the slowing-down 
of seismic waves at 


which shows up as a good reflecting plane for 
earthquake waves. This plane is known as the 
Mohorovi¢ié discontinuity (Moho for short) 
[2], after the Croatian who discovered it in 
1909, and is taken to represent the base of 
the crust. The Moho is at an average depth of 
35km (20 miles) under the continents and of 
a mere 10km (6 miles) below sea-level under 
the oceans and seas 


Beneath the crust 
The upper mantle [1] consists of a thin rigid 
top layer extending from below the Moho to 
a depth of about 60-100km (40-60 miles), a 
pasty layer or asthenosphere down to about 
200km (120 miles) and a thick bottom layer 
between 200 and 700km (120-430 miles). 
The uppermost layer together with the over 
lying crust forms the rigid lithosphere which 
is divided laterally into plates. Thesc plates 
drift on the asthenosphere where pressure 
and temperature almost reach melting-point, 
leading to near-fluidity. 

The upper mantle is separated from the 
lower mantle by another discontinuity, where 
the rock density again increases (3.3 to 4.3 


those depths and it 
fits the plate tec: 

tonics theory. The 
increase of density 
inthe lower mantle 

is thought to be due 
to increased pressure 
and packing of the 
atoms, without 
change of chemical 


composition. The 
mantle is separated 
from the outer core 
[6] by another seismic 
wave discontinuity, 
the Gutenberg dis: 
continuity [5]. P wave 
velocity drops from 
14k (9 miles) to km 
(5 miles) per second 
and S waves are not 
transmitted inside 
the outer core. These 
observations indicate 
that the outer core: 
isin a liquid state. 
The density jumps 
from §.5g/em* for the 
lower mantle to 
10g/am?for the 
outer core where it 


CONNECTIONS 
See aivo 


increases downwards 
to 12 or 13g/om?, 
Although the core is 
only 16% of the earth 
by volume, it repre: 
sonts 32% of its mass 
The core is thought 
to consist of iron 

and nickel, a hypo: 
thesis that fits the 
data and is inspired 
by the iron-nickel 
meteorites which are 
thought to be the 
remnants of another 
planet. P waves show 
another discontinuity 
[7] and increase their 
speed in the centre 
of the earth or inner 
core [8], which is solid, 


1,800 
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4:00 
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g/cm’). Here, the composition is thought to 
be chiefly peridotite, plus minerals of higher 
density, the latter formed as a result of the 
crushing pressure of the rocks above. 

Between the lower mantle and the core 
lies a further discontinuity at a depth of 
2,900km (1,800 miles), at which the density 
increases from 5.5 to 10g/cm’. This is the 
Gutenberg discontinuity, discovered in 1914. 
‘The core itself is divided at a depth of 
150km (3,200 miles) into an outer and an 
inner zone thought to be composed of iron- 
nickel alloy, The outer zone is believed to be 
liquid because it stops S waves (shearing 
earthquake waves), while the inner zone is 
believed to be solid because P (compres- 
sional) waves travel slightly faster there. The 
density changes from 12.3 to about 
13.3g./em! at the boundary of outer and 
inner cores and increases to about 13.6g/cem* 
at the centre of the earth, 6, 371km (3,956 
miles) down. 

Meteorites reaching the earth’s surface 
provide clues as to its composition. Such 
meteorites are made either of stone or else 
are made predominantly of iron. The propor- 
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tion of stony to iron meteorites is more or less 
equal to the proportion of the mass of the 
mantle to the core of the earth. Meteorites 
probably represent the remains of another 
planet similar to the earthand which broke up 
at some unknown period [1] 


Heat behaviour 

‘The amount of heat reaching the surface 
from within the earth can be represented ona 
heat flow profile [2]. From the earth's sur- 
face, the temperature rises to about 375°C 
(710°F), increasing in the upper mantle to 
800°C (1,480°F) at 50km (32 miles) and 
1,800°C (3,300°F) at 1,000km (625 miles) 
The estimated temperature for the lower 
mantle is 2,250°C (4,600'F) at a depth of 
2,000km (1,250 miles) and 2,500°C 
(4,600°F) at the mantlecore boundary - a 
depth of 2,900km (1,800 miles). The 
temperature at the centre of the earth is 
probably about 3,000°C (5,400'F). 

Heat is transferred to the surface by 
convection and conduction. In the solid 
layers it is probably transferred by conduc- 
tion; in the liquid layers by convection, 
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The earth is com: 
posed of three main 


layers—thecrust, i203 14%. 
mantle and core, The $102 69% 
crust is subdivided 

into continental and 

‘oceanic mi The 


upper continental 

crust is mostly granite, 

rich in silicon and 

aluminium (siicon 

and aluminium = sial) 

oceanic crust is 
ssentially basalt, 

tich in silicon 

and magnesium (sii- 

con and magnesium 

= sima); sima also 

underlies continental 

sial. The sial conti- 

nents, of a lighter mat- 

erial than the sima, 

tend to float upon it 

like icebergs inthe 

The mantle con- 

ists of rock, rich in 

magnesium and iron, 

silicates, and the 

dense core probably 

consists mainly of 

iron and nickel 

oxides in a 

molten condition, 
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2 The mantle and reaches its limits at 
crust are studied by —_[9] the deepest marine 
various means [A]. drill-hole, 1,300m 
Heat flow from the (4,265ft) below the 
‘earth's interior ie 200 bed, ot [13] the 
high over volcanic deopest mine, 3,848m 
areas 7], island arcs (12,600), and [15] 
{12} and along ocean the deepest land 
ridges [6], and low bore-hole, 9,583m 
along ocean trenches (31,44ft), Earth. 

111). The zone of quake foci occur in 


direct observation 


particular planes, 


Earthquake shocks 
generate seismic 
waves which travel 


down in the under- 
tying low-velocity 
zone [4]. Marine sedi- 


faster the deeper ments (8) accumulate 
they go through the on the ocwan floor 
crust [1, 2]. Beyond above the oceanic 
the Mohorovitié dis- crust [10]. The conti- 
continuity (5) nental crust [16] 

the mantle, where the lies above the 
seismic wavesentera latter. At(14) 


high-velocity zone 
[3], later slowing 


peridotite massif, 
Fich in iron and mag- 


nesium, intruded from 
the earth's interior. 

All these data are 
interpreted in (8), 
The sea-floor crust 
{18} is composed of 
basalt, and the 
continental one (171 
of granite over- 
lying a basaltic layer. 
The mantle [19] 

is made of peridotite. 


High heat flow and 
fow-intensity seisms 
are associated with 
‘oceanic ridges [20] 
where magma ascends 
from the mantle [21]. 
‘Sometimes magma is 
temporarily stored 
ina magma chamber 
[22] before it is re- 
leased by eruption. 

At [24] the cold 


S102 48% 
Al 03 18% 

CaO 11% 

F303 = FeO 11% 


SiOz 43% 
MgO 37% 
Fez03) FeO 12%, 
C20 3% 

Others 5% 


lithospheric plate 
is subducted along 
the Benioff zone [23], 
diving into the 
‘mantle beneath an 
adjacent plate and 
melting magma by 
friction. Peridotic 
intrusions [25] have 
risen through deep 
crustal cracks to 

tho earth's surface, 
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The earth as a magnet 


The earth has a strong magnetic field [Key] 
A bar magnet suspended by a thread eventu- 
ally comes to rest with one end pointing 
towards the earth’s north magnetic pole, the 
other towards the south magnetic pole. It 
behaves similarly if another bar magnet, or 
large coil of wire with electricity flowing 
through it, is brought near. 


Origin of the earth's magnetic field 

As the earth spins on its axis the fluid layer of 
the outer core allows the mantle and solid 
cTust to rotate relatively faster than the inner 
core. As a result, electrons in the core move 
relative to those in the mantle and crust. It is 
this electron movement that constitutes a 
natural dynamo and as a result produces a 
‘magnetic field, similar to that produced by an 
electric coil [1]. 

‘The magnetic axis of the earth is inclined 
slightly to the earth’s geographical axis [Key] 
by about 11 degrees, and the magnetic poles 
do not coincide with the geographic north 
and south poles. The earth's magnetic axis is 
continually changing its angle in relation to 
the geographic axis, but over a long time ~ 


1 The magnetic field 
originating inside 


at ground level 

The remainder is due 
tocurrents of 
charged particles 
‘coming from the sun 
‘and to the magnetism 
of rocks in the crust, 
‘The difference in 


creates a dynamo 
fect [A], which gen- 
erates a field simi- 
tarto that of a coil 
{B]. In reality the 
situation is more 
‘complex for it in- 
volves interaction 


h’s magnetic 
field is strongest at 
the poles and weakest 


may change the po- 
larity of the earth's 
field, Irregularities 
Inthe magnetic field 
at the earth's sur- 
face are caused 

by minor eddies of 
the core liquid, 
Their displacement 
intime results in 
long-term variations 
of the geomagnetic 
field, causing gradual 
changes of direction 
for magnetic north 
in given locations. 


of 
a bar magnot in the 
centre of the earth 
tothe 
the lines of 
ity would 
ines of 
latitude and the 
‘magnetic poles would 
coincide with the geo- 
graphic poles. in 
reality the "bar mag- 
net” field is inclined 
at about 11" tothe 
spin axis and so are 


some tens of thousands of years ~ an average 
relative position is established. 

A compass needle points to a position 
some distance away from the geographical 
north and south poles. The difference, which 
is known as the declination [3], varies from 
‘one geographical location to the next. Small. 
scale variations in the earth's magnetism are 
probably caused by minor eddies or swirls in 
the outer core at the junction between the 
core and the mantle. Large bodies of mag- 
netized rock and ore in the crust can have a 
similar effect. 

The earth’s magnetic field is distorted by 
electrically charged particles from the sun 
[5]. These particles flow in the upper atmos- 
Phere and create small variations of the 
magnetic field at ground level. Some varia~ 
tions are regular ~ such as the diurnal (night 
and day) variation ~ and some, such as 
magnetic storms, are occasional. 


The earth's field in ancient times 

‘The study of the magnetic field of the geolog- 
ical past is called palaeomagnetism. It relies 
on the fact that rocks may pick up a perma- 


its geomagnetic 
Also the real field 


dip poles”, wi 

the field directi 

is vertical (down- 

wards at the north 

pole and upwards 

south dip pole), 
sel 


ttset 


magnetic poles — 
tach by a ditfrent 
amount so that the S 
dip pole is not exactly 
‘opposite the N dip 
pole, The poles and 


40 
30 


3 The declination is 
the angle between 
" 


radiate from the 
southern dip pole 
[S] and convera 
wards the northern 
dip pole (N}. The 
arrows symbolize the 
direction of the 
magnetic north in 
1985. Declination 
exists becouse the 
earth's field is not 
exactly like that of 

a bar magnet lined 
up along the axis 

of the earth, Account 
of this must be 

taken in navigation, 


> Magnetic Held 
———> Magnenic 


nent magnetization when they are formed, or 
when they remelt and cool at some later date. 
When rocks are heated they lose their 
magnetization, as an ordinary bar magnet 
does when heated. Rocks are remagnetized 
by the earth’s field when they cool. This 
natural remanent magnetization, as it is 
called, lies parallel to the lines of the eart 
magnetic field at the time of rock formation. 
Rocks magnetized in this way therefore carry 
4 permanent record of the field, and can thus 
be used to study the geological history of the 
earth's magnetic field, 

There are several ways in which magnetic 
“clues” to the earth's history can be depo- 
sited in the rocks. The technique 
palacomagnetic — literally “old magnetism” 
investigation is to drill out a cylinder of rock 
and then measure its natural remanent mag- 
netism. This gives the palaeomagnetic co- 
ordinates of the specimen, which allows its 
original position to be plotted. Magnetic co- 
ordinates, expressed in magnetic latitudes 
[4], are similar to geographical latitudes (but 
the pole considered is the magnetic pole 
instead of the rotation pole). Palacomagnetic 
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* The dip or in- 
elination [I] of the 
magnetic field at 
the surface of the 
earth is related to 
the magnetic latitude 
IL}, measured relative 


magnet aligned along 
the geographical axis, 
this allows the 
culation of an 


special compass with 
horizontal pivot 

but does not pose a 
navigation problem. 


co-ordinates are respective to the apparent 
magnetic pole at the time the rock was mag- 
netized, Evidence from this type of work 
reveals that the magnetic poles were not 
always in the position that they now occupy 
but have “wandered” over the years 

Polar wandering differs from continent to 
continent. But the poles for a specific time in 
geological history can be aligned through the 
various continents by envisaging the conti- 
nents in different positions from those they 
now occupy. It is in this way that the progress 
of continental drift can be plotted. The 
results of this technique agree fairly well with 
other drift indicators such as. sea-floor 
spreading and evidence of ancient climates 
shown by the rocks and their fossils. 
Palaeomagnetism is a powerful tool in conti- 
nental drift research, 

Some rocks formed over short time inter- 
vals show fossil magnetic polarities 180 
degrees apart. This cannot be explained by a 
180 degrees rotation of a continent because 
there was not enough time for that, Thus the 
earth's field must have undergone a switching 
of its magnetic polarity, as when the direction 


of the current in a coil is reversed [6]. This 
switching is known as a “reversal”, Reversals 
mark the boundaries of periods of variable 
length throughout geological time when the 
magnetic field was of constant polarity. The 
dating of reversals (by studying the decay of 
radioactive isotopes in the rocks) provides 
the geologist with a palaeomagnetic time 
scale. This can be used to date other rocks by 
analysing their remanent magnetization, It 
was the comparison of this palacomagnetic 
time scale with the “magnetic anomalies” on 
the sea floor that supported the sea-floor 
spreading hypothesis, 


Magnetic and electrical prospecting 

Many ore bodies and rocks rich in magnetic 
minerals have a local strong magnetic field 
[7]. This is utilized by prospectors using 
sensitive instruments to detect minerals of 
economic value. Another method utilizes 
natural electrical currents that are set up be- 
tween the surface and an ore body by per 
colating ground water. Its interaction with 
the magnetic field can be measured and used 
to locate useful deposits 


5 The magnetosphere 6A 
is the region in which 
the earth's magnetic, 
field can be detected, 
ttwould be symmet- 
rical were it not for 
electrically charged 
particles streaming 
from the sun (Al, 
which distort it to 

a teardrop shape. 
The particles meet 
the earth's magnetic 
field at the shock 
front (1]. Behind 
this is a region of 
turbulence and in 
side the turbulent 
region is the mag- 
netopause [2], the 
boundary of the 
magnetic field, The 
Van Allen belts [3] 
are two zones of 
high radiation in 

the magnetopause 
The inner belt con: 
sists of high-energy 
particles produced 
by cosmic rays and 
the outer belt of 
solar electrons, 


7 In mineral pros- 8 
pecting magneto: 
meters can be used to 
detect variations in 
the earth's magnetic 
field due to ores 

[1] regional magne- 


tism of the country 
rocks; [2] back- 
ground magnetism 
due to topsoils; 

[3] effects of deep- 
Seated ore bodies: 
[4] effects from 
near surface ores. 


8 Electrical pros- 
pecting for minerals 
‘makes use of natural 
ground currents (1] 
related to the 
magnetic field 

and influenced by 

ore bodies [2]. Two 
electrodes [3], placed 
in the ground at 
staked points 

{4}, are connected 
toa millivoltmeter 

[5] and the voltages at 
the points are meas 
ured. Variations 

may indicate the 
presence of ores. 


‘The earth's magnetic 
field is like that 

of a giant natural 
bar magnet placed 
inside the 
with its magnetic 
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‘acted by the mag, 


netic poles of the 
earth and swing so 
that one end points 
to the north may 
netic pole and the 
other to the south. 


6 Field reversals 
are the changes of 
polarity (north be 
coming south and vice 
versa) which occurred 
many times during 
geological history. 

The polarity of the 
earth's magnetic 

field does not flip 
over; its magnetic 
strength decreases 

to zero then slowly 
i808 in the op: 

posite direction [Al 
Rocks 
magi 
they are formed. Ifa 
sufficient number of 
rocks of different 

ages are dated, and 
their polarity 
measured, a world: 
wide magnetic time 
scale is obtained, 
The magnetic time 
scale featured here 
[8] shows the signifi- 
cant changes in mag: 


polarity over 
the last 4.2 
million year 
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Global tectonics 


The theory of plate tectonics was advanced in 
the late 1960s and has had a revolutionary 
effect on the earth sciences. It is a unifying, 
all-embracing theory, offering a plausible 
and logical explanation for many of the 
earth's varied structural and geophysical 
phenomena, ranging from mountain- 
building to earthquakes and continental drift. 


‘Crustal plates 
The theory envisages the crust of the earth 
together with the upper part of the mantle, 
which form the lithosphere, as consisting of 
rigid slabs or plates that are continuously 
moving their position in relation to each 
other [1]. Below the lithosphere is the 
asthenosphere which is thought to be plastic. 
The plates are bounded by oceanic ridges, 
trenches and transform faults. Oceanic ridges 
are where two plates are moving apart 
leaving a gap which is continuously filled by 
magma (molten rock) rising from the 
asthenosphere. As the magma cools, new 
crust is created and becomes part of the 
moving plates. This is the phenomenon of 
sea-floor spreading, Spreading rates, though 


slow, are not negligible, The Atlantic is 
opening up by 2cm (0.7Sin) a year. The fast- 
est rate is found at the East Pacific Rise, 
which creates 10cm (4in) of new crust every 
year ~ that is 1,000km (620 miles) in the 
short geological time of ten million years. 

Trenches are formed where two plates 
converge. One of the plates slides steeply 
under the other [6] and enters the mantle, 
‘Thus trenches are areas where plate edges 
are destroyed. Since the volume of the earth 
does not change, the amount of crust created 
at the ridges is balanced by that destroyed at 
the trenches, 

‘The leading edges of the colliding plates 
may be oceanic crust, such as in the Ton, 
Kermadec trench north of New Zealand: or 
one may be oceanic (and will be the sinking 
plate) while the other is continental, such as 
at the Peru-Chile trench; or both plates may 
be continental, such as those of northern 
India and Tibet. In the last two instances the 
thick sedimentary covers are crumpled and 
injected with material melted by the heat 
generated by the collision, and mountains 
such as the Himalayas are created {7} 


1 The plate tec- 
tonics theory envis- 
ages the earth's 
lithosphere [1] as a 


osphere (2). There 
are three types of 
boundaries possible. 
Atthe oceanic ridges 


series of rigid but {3}, upwelling of 
mobile slabscalied ‘mantle material 
plates [A, B, C, D} ‘occurs and new sea- 
The lithosphere floats floor is formed. A 
on a plastic layer trench [4] is formed 


called the asthen- where one plate of 


3 Oceanic ridges are by fresh magma. 
found where two ‘The ridges are thus 
plates (1, 2} are 


moving away from 
each other. Magma 


from the mantie: 

[3] continuously 

wells up from below. plunges into the ? 
Asthe magma cools, trenches. The dating 
it becomes part of of cores from the 
the plates and it Glomar Challenger 


is inturn injected supports the theory. 
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oceanic crust slides form faults link two 


beneath the other, segments of the 
which may be oceanic same ridge [6], two 
‘orcontinental. The trenches [5] or a 
third type of boun- ridge to a trench. 
dary is where two Plates move from 
plates slide past ridges and travel like 
one another, creat conveyor belts 

ing a transform towards trenches 


fault [5, 6}. Trans- where they sink. 


4A survey 
from a research ship 
11] sailing back and 


ridge [6]. The pattern. 
of bands is identical 
at each side of the 


forth over a mic axis and corresponds 
oceanic ridge gives to the pattern of rever- 
readings (2, 3,4] that sals in the earth's 
indicate that the mag- magnetic field for the 
netism of the rocks last few million years: 


of the sea-bed points 
alternately north and 
‘south ina series of 

bands parallel to the 


{5}. The rocks moving 
away from the axis 
carry a record of the 
‘earth's magnetic field 


ee 


Transform faults form where two plates 
slide past one another [8]. They offset 
oceanic ridges and their continuation scars 
can be followed in places for thousands of 
kilometres [5]. They sometimes slice through 
continents, as does the famous San Andreas 
fault in the south-western United States. 


‘The cause of plate movements 
As early as 1927 the British geologist Arthur 
Holmes suggested that convection currents in 
the mantle could explain the continental drift 
theory. Convection currents are generated by 
heat differences ~ they can be observed in a 
saucepan of water placed over a fire. Global 
tectonics theory suggests that convection cur- 
rents exist in the asthenosphere and perhaps 
in the lower mantle. They form convection 
cells that rise under the ridges and descend 
under the trenches. This theory is supported 
by measurements of the heat radiated from 
the earth which show high values along the 
ridges and low values along the trenches. 
The amazing world pattern of ridges, 
trenches and faults was discovered in the 
1940s and 1950s. Their distribution was seen 


(0) 


Time in. million years 


2 The birth and 
death of oceans is a 
continuous process 
In [Al ocean 1 Is 
growing by sea-floor 
spreading from a mid- 
ocean ridge while 
ocean 2 is closing 
because of the conti- 
nents forcing the 
ocean floor down at 
the trenches. 

Ocean 3 is young 

and growing, In 18) 
ocean 1 has reached 
‘maturity, ocean 3 

is still growing. 
Ocean 2 has disap- 
peared with the join- 
ing of the continen- 
tal masses. In [C] 
oceans 1 and 3 are 
declining while a new 
crack appears at 4, 
{D] shows ocean 1 
still declining and 
‘ocean 4 growing, 

[E] shows a widening 
of the Red Sea and 
Gulf of Aden while 
[Fl indicates that 

the Mediterranean 
‘Sea has been 
steadily shrinking, 


to fit that of earthquakes and volcanoes. In 
1962 the American geologist Harry Hess 
suggested that these features, as well as conti- 
nental drift, could be explained by sea-floor 
spreading, but because of insufficient 
relevant data could not prove his point 


‘The proof of a theory 

Mysterious zebra patterns of magnetic 
anomalies were mapped on the ocean floor 
In 1963 two Cambridge University graduate 
students, Frederick Vine and Drummond 
Matthews, explained these in a way that 
strongly supported sea-floor spreading. They 
suggested that material welling up from the 
mantle along a ridge acquires a remanent 
magnetization as it cools which is parallel to 
the then prevailing magnetic field of the 
earth, The earth's magnetic field is known to 
have reversed its polarity many times during 
geological history. Assuming that the newly 
forming crust at oceanic ridges picked up the 
Prevailing polarity signal of the earth's 
magnetic field, the result over a long period 
of time would be strips of ocean floor that 
were alternately normally and reversely mag- 


—— Ridge crest 
Transform foult 
Isochron 
Plate boundary ~ Me 
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5 The earth’s outer 

shell is formed of six 

major mobile plates equal age (isochrons) 

(the American, Eur. based on magnetic 
Africa anomalies, The 

lines closest to the 


parallel to the 
ridges are lines of 


nd Antarc- ridges are 10 mil- 

te plates) separ lion years old; each 
ated by ridges, successive line is, 
transform faults 10 million years 
andtrenches. These older than its imme: 
plates contain some —_—_ diate neighbour to 
smallerplates such wards the ridge. 

as the Arabian and Fast rates of 

West indian plates spreading are shown 


which “absorb” the 
geometical discre: 


by widely spaced 
isochrons, The age 


pancies between the —_of the crust has been 
‘major plates by directly verified at 
creating or destroy most of the DSDP. 
ing compensating drilling sites (black 
amounts of crust, dots). The African 


The dotted lines plate has no trenches 


netized. The correspondence between the 
patterns on the ocean floor and the known 
history of the earth's magnetic field is too 
remarkable to be due to chance [4] 

By 1966 the hypothesis of sea-floor 
spreading had been further established by 
independent oceanographic data involving 
microfossils, sediment thickness (thicker on 
older crust where sediments had more time to 
accumulate), measures of heat flow from the 
carth’s interior, and palacomagnetic and 
seismological studies, The expression “global 
tectonics” came into use in 1968, to explain 
the links between spreading ridges, trans 
form faults, sinking trenches, drifting conti- 
nents and mountain-building. This new 
theory is undoubtedly the most significant 
put forward in earth sciences this century 

Also in 1968, the United States commis- 
sioned the deep-sea drilling ship Glomar 
Challenger [Key] for a major campaign of 
oceanographic exploration. Drilled cores 
have been collected from all the oceans and 
seas and the sea-floor has been directly 
dated, proving beyond doubt the validity of 
the global tectonics theory. 


onits border; itis 
therefore growing in 
area. Its east-west 
growth is being com- 
pensated for by cr 
disappearing inthe 
Tonga-Kermadec 

and Peru-Chile 
trenches, two and 
three plates away. 
Similarly the Antare: 
tic plate is growing 
northwards, the com 
Pensation taking place 
In the Indonesian, 
North Pacific and 
Middle America 
trenches, Despite 
spreading along one 
of their margins, the 
Pacific and Indo: 
Australian plates are 
shrinking overall 
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6 Destruction of the 
oceanic crust takes 


pl 


"@ where one 


plate (1) sinks be- 


neath the ot 


forming # tranch (3), 


¢ (21, 


while the dipping 


plane forms the sub- 
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7 Collision zones 


are where two plates 
ich carrying a con- 


tinental mass meet. 
When, in this zone, 


‘one of the pl 


forced beneath the 
other. the buoyant 


3) 


4) 


The Glomar Chat- 
Jengeris a purpo: 
built research vessel 
for the Deep Sea 
Drilling Project 
(OSOP). The 
vessel is equipped to 
drill and retrieve 
cores from the floors 
of the deep oceans. 


duction zone (4], 
Friction along this 


surface, creating 
volcanoes [6] for- 
ming isiand arcs [7] 


A, 


continental material 
thrusts upwards in @ 
series of high over- 
thrusts and folds, pro- 
ducing great moun: 
tain ranges. The 
Himalayas are the 
result of such forces, 


8 Transform faults 
separate two crustal 
plates [1, 4] where 
they move apart 
from one another. A 
transform fault links 
two segménts of a 
ridge [2, 3] and t! 
ridge offset gives 
an apparent motion 
[blue arrows) oppo: 
site to the real 
movement (black) 
The transform fault 
is active only be- 
tween the ridge 
crests [BC] where 
opposite crustal 
spreadings occur; 
itis only a dead 

scar along [AB] and 
CD] where both 
sides move together. 
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Continents adrift 


The idea that the continents were once joined 
together is by no means a new one: it was held 
by Francis Bacon (1561-1626) in 1620 and 
in 1658 R. P. Placet published a book in 
French whose title, in translation, means 
The corruption of the great and little world, 
where it is shown that before the deluge. 
America was not separated from the other 
Parts of the world”. The first map showing 
the fit of the continents was published in 
1858 by A. Snider-Pelligrini who based his 
theory on the similarity of the fossil plants 
which had been found in various parts of 
Europe and in North America 


Alfred Wegener's hypothesis 

The man most closely associated with the 
theory of continental drift is Alfred Wegener 
(1880-1930) [2], a German meteorologist 
An American, F. B. Taylor, had indepen- 
dently put forward the same ideas few years 
before Wegener's first lectures on the subject 
in 1912. Like others before him, Wegener 
had been attracted to the idea of drifting 
continents because of the appearance of the 
land masses on the world map. He showed 


= 


135 milion years ogo 


8 
65 million years ago. 
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great skill in reconstructing the anc 
masses in arguing his case and brought care- 
fully assembled geological, geodetic, 

physical, palaeontological and palaco. 
imatic evidence into his discursions. All of 
these facets of geology had to be considerably 
developed before they provided evidence of 
such a substantial nature that almost all 
geologists accepted the theory 

It was geologists in the Southern Hemis: 
Phere who collected evidence that strongly 
supported Wegener’s own theories. Glacia- 
tion during Permo-Carboniferous times was 
more intense and widespread than that of the 
more recent Pleistocene ice age. Geological 
fieldwork revealed evidence of it in South 
America, Africa, Australia, India, Antarctica 
and Madagascar, Geologists examining 
deposits of till (sediment carried and depo: 
sited by a glacier) and fossil plants were able 
to correlate them between the continents. If 
these land masses had always been fixed in 
their present positions, it would mean that 
the ice stretched from the polar regions to the 
Equator - clearly a preposterous 
Joining the areas together not only reconciles 


ent land 


the geological facts but also provides evi- CONNECTIONS 
dence of the land mass wandering over the Seealeo 
South Pole, This, in turn, allows for an wean 


explanation of the other knownclimatic belts 8%" 
of the world during this period; for example, lee sam» anti 
tropical conditions experienced in northern 
Europe during the Carboniferous period 


Corresponding structures and f 
Work in India and in Australia has proved 
the existence of links between these conti 
nents; for example, the basins of Permian age 
in northwest Australia can be correlated with 
those of India, and features of eastern 
Australia match those of Antarctic 

The close links between the geology of 
West Africa and Brazil provide further proof 
of their former contact. There is a clear 
boundary between the 2,000 million-year old 
rocks of West Africa and the much younger 
geological province (about 400 million years 
old) to the east, The boundary between these 
two is near Accra in Ghana and it heads out 
into the Atlantic Ocean in a southwesterly 
direction. The continuation of this boundary 
in Brazil was found by a geological expedi 


1 Amap of Pangaea 
cannot be accurately 
constructed. The 
most suitable fit of 
the land masses is 
obtained by matching 
points midway down 
the continental slope, 
about 200m (6,560ft), 
In reconstructing 
the appearance of 
the giant continent. 
many investigators 
have used comput 
The easiest areas to 
fittogether are 

Africa and the South 
American continent 
Whereas the fit of 
the northern lands. 
is possible with a 
certain degree of 
accuracy, much re- 
mains to be learned 
of the complex fit Trained as an astror 
of India, Antarctica ‘omer, he became in: 
and Australia with terested in meteorol: 
Africa and South ‘ogy and geophysics. 
America. The break- —_He lectured on conti 
upof Pangaea began —_nental drift in 1912 
about 200 million and his first paper on 
years ago. By the end of the subject was pub: 
the Jurassic, about 

135 million years ago 
1A}, the North At 
lantic and Indian 
Oceans had become 
firmly established. 
The Tethys 

Sea was being 
diminished by the 
Asian land mass 
rotating in an anti 
clockwise direction, 
South America had 
begun to move away 
from Africa to form 
the South Atlantic. 

By the end of the 
Cretaceous, «65 
million years ago 

[B), the South 
Atlantic had grown, 
Madagascar had part- 
ed from Africa and 
India had continued 
northwards. Ant 
arctica was moving 
away from the cen: 
tral mass, while 
linked with Austra, 

lia. The North 
Atlantic rift 

forked at the north, 
thus forming the 
island of Greenland. 


2 Alfred Wegener 
was born in 1880, 


lished later the same 
year. In 1915, his. 
classic exposition, 
The Origin of Conti: 
nents and Oceans, ap- 
peared in print. He 
died while leading an 
expedition over the 
ice cap of Green: 
land in 1930, 


and 180 million 
years old show mark 
6d similarities over 
now widely separated 
continents, Piant 
fossils in coal seams 
and layering of glac 
ial deposits in one 
place match those 

in another, thus 
providing evidence 
for the theory. 


3 Antarctica’s tropi- 
cal past is shown 

by the existence of 
coal seams up toam, 
(13tt) thick, The 
study of changes of 
climate provides 
evidence confirming 
continental drift, 
Inthe Southern 
Hemisphere, rocks 
between 400 million 


tion exactly as was predicted, at Sao Luis. 

The drawing together of the now widely 
separated northern lands (North Ameri 
Europe and Asia) has been a little more dif- 
ficult, but there now exists overwhelming evi- 
dence for their once having formed part of a 
single continent, Laurasia [1]. Geologists 
have shown that the now widely separated 
Norwegian, Caledonian, Appalachian and 
east Greenland mountains were originally 
formed as a single chain 

Wegener paid considerable attention to 
the distribution of fossils. When his theory 
was first put forward, palaeontologists were 
still postulating land bridges to account for 
the distribution of some plants and animals in 
the fossil record. In many cases the land 
bridges would have to have covered an ar 
equal to that of the continents they joined, It 
was long assumed that the land bridges disap- 
peared by subsidence. The detailed study of 
the ocean floors in recent years has ruled out 
this idea. If, however, the idea of Gondw: 
land - the old grouping of the continents of 
Africa, South America, Antarctica, India and 
Australia ~ is accepted [4], it becomes much 


A The existence of 
Gondwanaland is 
confirmed in many 
different ways, Con: 
stant directions of 
ice flow in Permo 
Carboniferous glac 
iations; structural 
trends traced and 
matched from conti- 
nent to continent; 
and fossil distribu 
tion form part of the 
evidence. The distr 
bution of Mesosaurus, 
Lystrosaurus and the 
fossil forn Glossop: 
teris suggest the 
presence of a single 
Ia 

times. Palaeomag 
netic techniques ~ 
which locate the 
magnetic pole of any 
stage in the past ~ 
give consistent 
results on each con 
tinent only when 
the continents are 
placed in the estirn 
ated configuration 
of Gondwanaland. 


6 Palaeomagnetism — 
the study of the mag- 
netization of rocks — 
has developed since 
the 1950s into a 
powerful tool for 
continental drift 
studies. Rocks 
record the earth’s 
magnetic field at 

the time of their 
formation. Portable 


drills cut small 
eylindrical rock 
cores which ai 
oriented relative to 
the present north 

and ina vertical 
position. Inthe 
laboratory a mag- 
netometer determines 
their original north 
direction and their 
original latitude. 


casier to explain the distribution of many ani 

mals and plants. For example, remains of the 
reptile Mesosaurus, which could not have 
swum an ocean, have been discovered only in 
western South Africa and in Brazil 


New developments 
Recent investigations, especially the study of 
palacomagnetism (the history of the earth's 
changing magnetic field (6]), have provided 
data which not only support continental drift 
but also locate the positions of the various 
land masses during past geological time 
Perhaps the most important impetus to the 
theory of continental drift has come from the 
twin theories of sea-floor spreading and plate 
tectonics which have been so rapidly 
developed since the 1960s, One of the 
weakest points in Wegener's original argu- 
ments centred on the tremendous forces 
to drive the continents apart 
new theories, which have been 
substantially proven, provide an explanation 
of the necessary motive power. but there is 
still much to learn about the break-up of Pan- 
gatea, the original continent [Key] 


60 million years aheod 


years from now if 
drift is maintained 
as predicted. The 
most striking change 
in the “new world” 
isthe area of new 
land in the Carib 


to expect them to 
stop. The map shows 
how the world may 
took 50 million 


Key 


Sinus 
Borealis 


The theory of conti 
nental drift pro- 
poses a period when 
all the continents 


) gage Maximum distribution of 
BP glaciation 
Direction of lew flow 


Significant structural tends 
=~ Polar wandering curve 
Ge Mesossumis remeins 
#0 Lystrosauras remsins 
Giossoptere Nora 


bean, the splitting 
away from the USA 
of Baja California 
and the west of 
the San Andreas 
fault line, the north: 
ward drift of Africa, 


Tethys Sea 


formed one land mass, 
called Pangaea. The 
initial break-up made 
a northern mass, 


5 Fossil seed ferns 
(such as the tongue: 
like Glossopteris. 
shown here, and Gan: 
ganop-teris) in rocks of 
the Gondwana seri 
in the southern con: 
tinents evince sup: 
port for continental 
drift theory. They 


almost eliminating 
the Mediterranean, 
ind the breaking 
away of that part of 
the continent east 
of the present-day 
rift valley, 


RR Sete 


Laurasia, and a 
southern one, Gond- 
wanaland, called after 
a pravince in India. 


yched their height 
in Permo-Carboni 
ferous times and the 
‘complex nature of 
their species dis. 
tribution can only be 
explained if the 

now widely separated 
locations had been 

In one land mass. 


‘Australia has con: 
tinued its journey 
northwards, but the 
great continent of 
Antarctica remains 
in its present 
southerly position 
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Earthquakes 


An earthquake at the carth’s surface is the 
sudden release of energy in the form of vibra- 
tions and tremors caused by compressed or 
stretched rock snapping along a fault in the 
earth's surface. Rising lava under a voleano 
can also produce small tremors. It has been 
estimated that about a million earthquakes 
occur each year — but most of these are so 
minor that they pass unnoticed, Really vio- 
lent earthquakes, which result in widespread 
destruction, occur about once every two 
weeks. Fortunately, most of these take place 
under the oceans, out of harm's way. Itis not 
known what causes deep earthquakes — up to 
700km (450 miles) below the surface 


Waves and their measurement 

Slippage along a fault is initially prevented by 
friction along the fault plane. This causes 
energy. which generates movement, to be 
stored up as elastic strain; a similar effect is 
created when a bow is drawn. Eventually the 
strain reaches a critical point, the friction is 
overcome and the rocks snap past each other 
releasing the stored-up energy in the form of 
earthquakes by vibrating back and forth 


1 Severe surface ’ 
disturbance ripped 
apart road during 

the 1964 earthquake 

in Anchorage, 

Alaska, and minor 
subsidence left a 

‘crack 80cm (20in) 

wide. Ground waves: 
such as those re- 
‘sponsible for the 
break-up of this 
highway can disrupt 
underground services 
incities and start 

fires, Broken water 
mains may hamper 
fire-fighting and 
encourage the spread 

of epidemics. Th 
Alaskan “quake’ 
atfected only a 
sparsely populated 
‘area and 114 livs 
were lost ~a small 
number considering 
the magnitude of 

the shock, which 
caused 8 permanent 
tilting of the land 
‘mass along the south: 
ern coast of Alaska. 


detect and record e rest of the 
seismic waves of strument moves, 
the three types (P, Some seismographs 
Sand L). Most detect horizontal 


motion [A] while 
others detect ver- 
tical motion [8]. 


‘seismographs con- 
tain a sprung mass 
(M) whieh, when an 
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Earthquakes can also occur when rock folds 
that can no longer support the elastic strain 
break to forma fault. 

Seismic (earthquake) waves spread out- 
wards in all directions from the focus — much 
as sound waves do when a gun is fired (Key, 
4]. There are two main types of seismic wave 
the compressional wave and the shear wave 
[2]. Compressional waves cause the rock 
particles through which they pass to shake 
back and forth in the direction of the wave. 
Shear waves make the particles vibrate at 
Fight-angles to the direction of their passage. 
Neither type of seismic wave physically 
moves the particles; instead it merely travels 
through them. 

Compressional waves, which travel 1.7 
times faster than shear waves, are the first 
ones to be distinguished at an  earth- 
quake recording station [3]. Consequently 
seismologists refer to them as primary (P) 
waves and to the shear waves as secondary 
(S) waves. A third wave type isrecognized by 
seismologists ~ the long (L) or surface wave. 
It is L waves that produce the most violent 
shocks, The Richter scale is used to measure 


2 Seismic waves a 
basically of two 
kinds. Primary (P) 
waves [A] are com- 
pressional and cause 
the particles of 

rock to vibrate 
backwards and for- 
rds like a coil 
spring. Secondary 
(S) or shear waves: 
[8] cause the part- 
icles to oscillate 

at right-angles to 
the wave direction 
like a vibrating 

guitar string, When 
P and S waves reach 
the surface they are 
converted into long 
(L) waves which 
either {C} travel 
long the surfac 
vibrating horizon: 
tally at 


(known as Love 
waves) or travel 

like sea waves (Ray- 
leigh waves). Some 
of the paths followed 
are shown in D. 


The trace of the 
waves is recorded i 

bya vibrating pen V 

on atravelling strip 

of paper [C}. The and this interval, 
time interval be- applied to a graph 
tweenthearrivalof (see 58), gives the 
the Pand S waves distance between sta- 


can be calculated tion and epicentre, 


8S waves (Wi 


the magnitude of earthquakes. The scale of 
magnitudes is so arranged that each unit on 
the scale is equivalent to 30 times the energy 
released by the previous unit. A magnitude of 
2 is hardly felt, while a magnitude of 7 is the 
lower limit of an earthquake that hasadevas- 
tating effect over a large area, 


Tsunamis ~ giant sea waves 

Earthquakes are best known for the havoc 
they can wreak [1, 9]. The destruction may be 
the result of ground vibrations or giant tidal 
Waves (tsunamis) generated by seismic 
disturbances on the sea floor. Atsea tsunamis 
have wavelengths — the distance between one 
crest and the next ~ as great as 200km (120 
miles). They can travel at speeds of 800km/h 
(500mph). When they reach a gently sloping 
shore they slow down and gather height. As 
the (sunami approaches, the sea withdraws, 
then rushes back in a series of giant waves 
that may travel far inland. 

In 1755 the city of Lisbon was reduced to 
rubble in six minutes during one of the most 
devastating earthquakes ever recorded. The 
sea withdrew from the harbour and rushed 


P waves (longitudinal) 


A 
% . 

& + + 
a + 


Expansion 


Prenes: 


© Lwaves 


wave motion 


Rayleigh wave motion 
4 Seismic wave the mantle [2] but 
paths vary withthe dropping in the outer 
donsity of the rock, core [3] and rising in 
forming curving the inner core [4) 
patterns as they due to the conditions 
move away from produced by pres- 
the focus (1). sure. Secondary (S) 
Primary (P) waves waves travel through 
can pass through solids only and do 
gases, liquids and not penetrate into 
Solids, The primary _the dense molten 
waves travel core. As the waves, 
fastest, increasing travel down they 


‘meet concentric 
layers of increasing 


their velocity as 
they pass through 


po 
a= y- 


CONNECTIONS 


Seeaiso 
Anatomy of the earth 
Fosas ang tau 
Vocanoar 


Direction of tra 


Compreasion 


density which bend 
or refract the waves: 
towards the surtace 
so that these travel 


5 and 6 does not 

receive any direct 
waves. Thi 
known as the wave 
shadow zone. Sois- 
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back as a 17m-high (5Sft) tsunami, drowning 
hundreds. Smaller aftershocks caused land- 
slides, fires broke out and by nightfall 60,000 
People were dead. The shocks from this 
earthquake were felt over an area nearly 40 
times as large as the United Kingdom. 

Despite the innate destructive capacity of 
earthquakes it is possible in some circum- 
stances to take precautions that minimize the 
hazards. Tall buildings can be constructed on 
reinforced concrete rafts that literally float 
during the passage of earthquake waves. 
Careful planning can ensure that streets are 
wide in relation to the height of buildings: 
many of the deaths caused during earth- 
quakes are due to the collapse of tall build- 
ings into narrow streets. 


Control and prediction 

Recent research indicates that it may now be 
Possible to control earthquakes. In the mid- 
1960s, the dumping of water-based waste 
into a well in Denver, Colorado, set up a 
series of small earthquakes. Thus the idea 
was born that by drilling deep holes along a 
fault, and then pumping water down, it might 


be possible to relieve strains in a series of 
small, non-destructive earthquakes instead 
of allowing them to build up until a major 
earthquake occurs [8] 

Just before an earthquake the ground on 
either side of a fault suffers elastic deforma- 
tion that can be measured by triangulation 
with a theodolite or laser beam. Tilt meters 
can also be used to discover how much 
warping of the ground has taken place 
Monitoring of large areas has now been 
introduced. Using artificial satellites, 
information is transmitted from devices 
placed in the vicinity of major faults and 
radioed back to centres where it can be ana- 
lysed. It is now possible to detect very small 
movements of the earth’s surface and locate 
areas where strain is building up. 

Another recently discovered method 
involves measuring the amount of water the 
rocks contain. Under strain, the pores in the 
rock enlarge, allowing more water to enter 
Because of the importance of ground water in 
producing earthquakes, knowledge of the 
water level in wells in carthquake-prone 
areas is extremely valuable 


7 Earthquakes occur 7 
in geologically active 
areas of the earth 
‘crust such 


mountain-building 
regions. Theycanbe 
classified according Se 
to the depth of their = 
foci, deep focus earth- 
quakes [black 

Squares] occurring at 
depths of between 300 
‘and 650km (185~400 
miles), intermediate 
focus [black dots} 
from 55 to 240km (35- 
150 miles) and shallow 
focus (grey areas] 
from the surface down 
to 5$km (35 miles), 


. ® 


+» Low magnitude earthquake 
Destructive earthquake 


8 Release of the 
pressure that 

could cause a severe 
quake may be 
achieved by promot 
ing a number of small 
“quakes” in the fault 
area. Research 
are investigating the 
possibility of minimiz- 
ing the destructive 
effects of earthquakes 
in certain regions 

by regulating their 
occurrence. Many 
small earthquakes, for 
instance, may release 
as much energy asa 
single devastating 
‘one by lessening the 
strain built up over 

a period of time (Al. 
‘One method of 


key 
An earthquake takes 
place when two parts 
of the earth’s sur- 

face move suddenly 
in relation to each 
other along a crack 
called a fault (1), 

The point from 

which this movement 
originates is called the 
focus [2] and the 


5 The location of an 
‘epicentre 1} is 
found by plotting its 
distance from three 
recording stations 
[2]. Each station 

notes the different 


uses a graph (B] 
which allows the dis: 
tance from the epicen- 
tre to be measured. 
The distance is then 
used as the radius 


each station (A). 
The epicentre is 
located at the 
intersection of 
these three circles, 


‘of the dam- 
age caused in pop: 
ulated areas. The 
most common inten- 
sity scale used 
today is the Wood- 
Neumann or modi- 
1d Mercalli scale, 


achieving this may be 
to pump water to 

act a8 a lubricant 

{8}. A number of 
wells [1] may be set 
up along a fault 

2) 
stress has been 
detected. Large 
quantities of water 
from a reservoir [3] 
would then be 


point on the surface 


directly above this 

is called the epi- 
centre {3}. Shock 

waves [4] travel out- 
wards from the focus 
decreasing in inten- 


waves travel more 
quickly as they pass 


6 Modified Mercalli scale 
1 Earthquake not felt, 


through denser ma- 
terial at depth and 
's0 the direction of 
their tra 


of waves is sim- 
ilar to that of the 
isoseismal lines con- 
necting points feel- 
ing equal shocks. 


Oo 


pt by fow. 


2 Felt on upper tloors by few at rest. Swing 


ing of suspended objects 


3 Quite noticeable indoors, especially on 


upper floors 
4 Feit indoor 


19 building, 


ind windows 
nding care rock, Like heavy lorry Nit 


may sway 


6 Felt by 


many run outdoors. Slight 


damage, heavy furniture moved, some fallen 


plas 


7 People run outdoors. Average homes 


slightly damaged, sub: 
damaged, Noticed by 


monte collapse, Car drivers disturbed, 


9 Well-designed buildings badly damaged, 
substantial ones greatly damaged, shifted 
off foundations. Conspicuous ground cracks. 
10 Well-built wood structures destroyed. 
masonry structures destroyed. Rails bent. 
round cracked, landslides. Rivers overtiow. 


11. Few masonry structure 
Bndges and underground 


pumped into the wells, 
to lessen friction 
between rocks inthe 
fault and allow them, 
to slip smoothly in 

a series of gentle 
tremors. Anoth 
method of triggering 
off small “quakes” 
may be to explode 
nuclear devices 
along a fault plane. 


loft 


‘9 The western 
Sicily earthquake of 
1968 completely de- 
stroyed many build: 
ings in Gibellina and 
in nearby villages. 
Dazed survivors 
picked their way 
through piles of 
shattered masonry. 
Falling masonry is 
the greatest hazard 
to human life during 


1d most injuries 
are caused outside 
buildings. Disease 
often spreads among 
ivors after the 


‘Some of the most 


disastrous 


Peru in 1970 (66,794 
deaths), in Guat 
in 1976 (more than 
16,000 deaths), and in 
China, also in 1976 
(estimates of up to 
100,000 deaths), 


—————————————_—_—_— 


Volcanoes 


Volcanoes, the earth's most spectacular dis- 


produce eruptions. When this happens the and along the collision edges of crustal plates. CONNECTIONS 
Plays of energy, are responsible for forming flow is speeded up as the drop of Pressure The famous “ring of fire” encircling the  Seeaio, 


large parts of the earth’s crust. They give 
clues to the earth’s history and evolution, and 
to the nature of the earth's interior. Soils 
formed by the weathering of volcanic rocks 
are so exceptionally fertile, that despite the 
danger large numbers of people often live in 
the shadow of volcanoes, and eruptions lead 
to major loss of life. The earth's upper 
mantle, under the crust, is nearly molten. A 
slight drop in pressure caused, say, by crustal 
plates drifting apart, completes the melting 
Process. The molten rock (magma), being 
lighter than the surrounding rocks, then rises 
slowly to the surface, often along faults. A 
small increase in heat, will also melt the rock 
and it is believed that pockets of radioactive 
elements generate enough heat to form 
magma. 

Along the mid-ocean ridges, where the 
crustal plates’ drifting apart creates a drop of 
pressure, magma rises more or less continu- 
ously and cools to form new crust. Elsewhere 
it forms underground reservoirs, which, if 
they do not cool, can become unstable and 


allows the gas dissolved in the magma to form 
bubbles [2]. Many of the gases, such as hyd- 
rogen sulphide and carbon monoxide, burn 
as they reach the air; this increases the 
temperature at the vent, making the lava 
even more fluid. If the lava is viscous, trap- 
Ping the gases, they may escape explosively 
The force of such explosions — and of normal 
eruptions ~ is increased when water seeps 
down to the magma and is turned into steam 

The volcanoes formed by escaping 
magma are characterized by their vent or 
crater at the summit. They often have side 
Vents as well, Sometimes such large amounts 
of magma bubble out during an eruption that 
the chamber below the volcano is more or 
Jess emptied. The volcano then collapses into 
the void, forming a large, steep-sided depres- 
sion known asa caldera 


Location of volcanoes 

Volcanoes are found along the big tensional 
cracks of the earth's surface - the mid-ocean 
ridges and their continental continuations - 


Pacific is the boundary of the crustal plate 
that forms the Pacific 

The largest number of volcanoes is under 
the sea-floor, forming the abyssal hills. Most 
are probably extinct. They exist because the 
Oceanic crust is very thin and easily pierced 
by the underlying magma, The Pacific alone 
is thought to have more than 10,000 vol- 
canoes of above 1,000m (3,300ft) in height 
The Hawaiian voleanoes are thought to be 
due to fixed “plumes” or “hot spots” in the 
mantle, which give rise to a string of vol- 
canoes as the crust drifts slowly over them. 

A few volcanoes that exist on land away 
from the plate boundaries are perhaps due to 
localized heating by radioactivity or to a hot 
spot in the mantle 

Apart from the uncounted abyssal vol- 
canoes, there are about 500 active volcanoes, 
of which perhaps 20 or 30 erupt in any given 
year. Between eruptions a volcano is said to 
be dormant. An active volcano isone that has 
erupted in historic times. Volcanoes can, 
however, be dormant for periods longer than 


Energy supciies 
Energy lr 


Straufied layers of vol: 
‘cane rocks build up the 
‘main cone, Each eruption 
‘adds at least ane layer 


1 Volcanoes are fed 1 Rainwator seeps down, is 
by molten rock that hased by the magma and 
rises from the earth's SWHlaces i 


Fissure eruptions do not 
form volcanoes but release 
flows of very fluid tava 

n cover areas up to 


‘A magma chamber of thuid 
rock underlies many 
volcanoes. This is releas: 
(ed 15 ash and i 


Lave flows can be rel 
trom side vents and 

‘93605 can issue from 
‘crevices in the loose 


and geysers, often loaded 
mantle. This mater 


with dissolved minorals 
‘al, called magma, 
may tise directly to 
the surface where it 
erupts, or be stored 
inamagma chamber 
that swells up like 
aballoon before 
erupting. The magma 
rises through a 
chimney and event 
ually reaches the 
surface at the vent. 
Matter spewed forth 
as lava or ejecta 
(bombs and ashes) 
builds up a voleanic 
cone or volcano, 
Vent explosions 
caused by expanding 
gases oftentorm 
craters shaped as 
inverted cones. 
The magma does not 


surtace and often 

cools at depth form: 
ing plutons (large 
bodiesi, laccoliths 
(lens-shaped struc 
tures), dykes (that cut 
through the strata) and 
sills (injected between 
two strata). Vol- 
canicregions are 

also characterized 

by hot springs, gas 
vents and, insome 
areas, by geysers. 


Goysers are intormittant 
fountains of water and 
steam created by the vapor- 
lzing of ground waters. 
They operate like 

lant safety valves 


a Pond 


2 Asthepressurein 


rising magma fall 
dissolved gases are 
forced out of it; these 
form expanding 
bubbles and drive. 
the magma out 

of the volcano, 


ative volcanoes 
Extinct volcanoes 


3 Active volcanoes 


‘mostly occur at 
crustal plate bound 
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im* (200 square milos) during eruptions 


‘Active or recent cones 
ftten form inside explo: 
sion craters or crater 
shaped calderes due to the 
collapse of an 

empty magma chamber 


A laceolith is # giant, 
lons:shaped intrusion that 
bushes up the str 

above. It is fod 
trom the mi 


13 chamber 


arcaround the 
Pacific, from Chile 
tothe East indies, 


aries. The princi 
zone of activity is 
found along a great 


DP az 


flanks of the volcano, 


produces. low cone. 
The Vulcanian type 
[Clismore violent 
and ejects solid lava 


4 Volcanic eruptions 
take various forms. 
Fissure eruptions [A] 
release the most 
basicandrunny 

lava. in Hawaiian 
eruptions (B) the lava 
isless fluid and 


[D] blow out incan- 
descent material. 
Inthe Peléeantype 


Strombolian eruptions 


Pressure in the main vent 


[E]a blocked vent 
iscleared explosively, 
APlinian eruption 
{Fis acontinuous 
‘gas blast that rises 
toimmense heights. 


storic times and “extinct” voleanoes some 
times come back to life, as Helgafell in 
H Iccland did in 1973 [8]. The best 
known new volcano on land is Paricutin, in 
Mexico, which appeared in a field in 1943 
The map [3] shows active volcanoes and 
recent extinct volcanoes, many of which were 
seen erupting by prehistoric man, such as 


those in France. The geological record 
pounds in “fossil volcanoes (not shown). 
© instance Scotland’s capital, Edinburgh, 
Was a volcano 325 million years ago 


Volcanic products and eruption types 
Volcanoes emit gases, liquids and solids, The 


gases are mainly nitrogen, carbon dioxide 
hydrogen chloride, water vapour, carbon 
monoxide and hydrogen sulphide. Liquid 


emissions, known as lavas, are either ropy 
[10] or clinker-like aa [9] 
depending on the temperature 

Fluid Java allows calm eruptions; more 
viscous lava, by preventing the escape of gas 
before it reaches high pressure, is 


pahochoe 


accom: 
panied by explosions; very viscous magma is 


thrown out as ash and rubble 


n huge explo 


7 Spindle bombs 7 
are the product of 


fen rock pulling 
apart after ejec 
tion. Larger blobs 
twist in flight and 
their drawn-out ends 
curl and give the 
bomb its character 
ge shape 


sions, Craters at rest are often filled by a lake 
an ruption often creates a mud flow w 
as destructive as, and 
(owing to its speed) than, a lava flow 


ich is 


even more lethal 


Catastrophic eruptions 
Volcanoes are in a sense safety valves in the 
earth’s crust: the tighter the valve the greater 
the eruption will be, The 1815 eruption of 
Tambora in Indonesia ranks as the 
in history, Ten thousand 
people were killed outright during the erup 
tion and 82,000 died later of disease and 
starvation. Again in Indonesia, the uninhabi 
ted island of Krakatoa was blown to pieces 
[Key] in 1883, creating a tidal wave that 
killed 36,000 people. Evidence on the island 
of Thera [11] sug 
explosion occurred there around 1470 BC 
Eruptions cannot be prevented, but they 
can, in some cases, be predicted. This is done 
principally by monitoring the small earth- 
quakes created by rising magma, measuring 
the swelling of the ground with tiltmeters and 
watching variations in the output of gas and 
steam vents 


eatest 


volcanic disaster 


gests that an even larger 


5 Hawailan-type erup. 
tions are character 
ized by lava flows 
consisting of basalt 
and they are often 
accompanied by fiery 
lava fountains which 
can sometimes be as 
tall as the Eiffel Tows 
300m (1,000ft), 
The Hawaiian erup 
tion seen here shows 
how the incandes: 
cont lava from the 
fountain has filled 
the crater and has 
then overflown to 
form a lava flow that 
is partially chilled 
onits surface. 


9 The texture of a 
lava flow depends on 
the temperature and 
the velocity of the 
flow during the erup: 
tion and onthe compo 
sition of the lava 
Geologists have 
borrowed two words 
fromthe Hawaiian 
language, aaand 
pahoehoe, to describe 
two typical surfaces 
Aalava has a very 
rough and clinker-like 
aspect andis formed 
by slowly moving or 
relatively cool out 
pourings. Seven 

ars after thi 
fication of this 
flow, vegetation will 
gradually return, 


Krakatoa was 2 small 


voloanic istand in 


the Sundra Straits of 


A 


6 Lava formations 
Include hornitos or 
spatter cones, small 


[A] that form 


Indonesia that had 
been inactive since 
1680. Two-thirds 


! ® 
| = Y 
‘on lava flows (B). 
Tree moulds [C] form 
where trees have 


burned away beneath 
the cooled lava [O} 


@ Ash-falls can cause 
more damage to prop: 
erty and agricultural 
land than lava flows 
because they cover 
greater areas. Vol 
canic ash is made 

of fine ajecta of 

Jess than 4mm (0.15 
in} diameter andis 


10 Pahoehoe or ropy 
lava has.a smooth but 
twisted surface, Itis 
formed by fast 
flowing fluid lava, 
which develops a 
plastic skin on its su 
face, by cooling. The 
skin is dragged into 
picturesque folds by 
the still liquid lava 
running beneath it 


of the island were 
destroyed in an erup. 
tion in August 1883, 


E 


Lava tubes occur 
when the surface 
flow cools |E] and 
the hot interior 
ains away [F 


produced by the cubic 
kilometre, Most is 
deposited within 
10km (6 miles) of the 
volcano. The picture 
shows some houses 
of Heimaey, Iceland, 
buried by ash from 
the Helgatell 
eruption of 1973 


11 Inthelate Bronze 
Age the island of 
Thera experienced 
aneruption that 

had acatastrophic 
effect on the people 
of Crete and may 
have been responsible 
forthe fall of the 
Minoan civilization 
and the creation of 
the Atlantis legend, 
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Gravity and the shape of the earth 


Gravity is the mutual attraction of two bodies 
and its strength depends on the mass of the 
bodies and their distance apart, The strength 
of the earth's gravitational field is therefore 
Proportional to the earth's mass and 
decreases as the distance from the surface of 
the earth increases. 

Gravity is responsible for nearly all major 
erosion which takes place, Rain falls under 
gravity; streams, rivers and glaciers move, 
and sediments compact under gravity. 


Rotation, shape and sea-level 

‘The earth's rotation creates a centrifugal 
force that is greater at the Equator than 
elsewhere, causing the earth to bulge out 
slightly at the Equator and to flatten at the 
poles [1]. This makes the earth’s diameter at 
the Equator greater than that through the 
poles by about 41km (25 miles). 

Mean sea-level is the average sea-level 
between tides and is taken as the base level 
when measuring altitudes. It is always 
perpendicular to the force of gravity. Such a 
surface, taken all over the earth is known as 
the “geoid"’, which is what the earth's true 


1 


3 A gravimeter is 
a device used for 
measuring gravity at 
8 point on the earth’s 
surface by observing 
the extension of a 
weighted spring. A 
quartz spring [1] is 
housed in a partially 
evacuated chamber 
[2] which protects it 


screws [3] keep the 
meter vertical and 
the movement of the 
spring is indicated by 
the position of the 
pointer [4] one scale 
‘observed through 

an eyepiece (5). 


BA 
Pratt's model 
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shape is called [2]. The surface of the geoid is 
irregular because the gravity field varies loc- 
ally and depends on the type of rocks in the 
crust. A large ore body or mountain chain 
will deflect a nearby plumbline away from the 
centre of the earth and thus the geoid’s shape 
is obtained by directly measuring gravity on 
land [3] or its variation at sea, where wave 
motion precludes direct’ measurement. 
Perturbations of artificial satellite orbits are 
now extensively used for broad-scale geoid 
studies. The shape of the geoid is defined by 
its departure from a “reference ellipsoid” 
which fits most closely to the shape of the 
earth; in this case, the average level of the 
land and sea is taken as the norm, Mountains 
are then higher and sea-floors lower than the 
surface of this ellipsoid. (An ellipsoid is the 
regular geometric shape obtained by 
revolving an ellipse round one of its axes.) 


‘The Trigonometrical Survey of India 

During the Trigonometrical Survey of India, 
in the nineteenth century, it was found that 
some stations, whose positions were deter- 
mined by astronomical surveying methods, 


2 
BEB peteronce etipsoid 


whose equatorial dia- 
meter exceeds its 
polar diameter. The 
difference is about 
4tkm (25 miles) and 
may be illustrated by 
forcing hypothetical 
wedges |1,2)through A 
the 


caused by the effect 


4 A negative gravity 
=a lower 
gravity reading than 
normal ~ is found over 
{an intrusion of light 
rock near the surface, 
Aless dense salt 
dome [1] rises 
through denser crus- 
tal rocks [2] disturbing the 
local gravitational 
field, Readings at 
regular stations on 
the surface can be 
plotted on a map [3] 
and these will show 
an area of low gravity 
above the dome. A 
dense metallic ore 
body would show 
8 positive anomaly. 


‘Numbers: density in g/cm 


did not coincide with those determined by 
triangulation, which had not allowed for the 
sideways attraction of the Himalayas to the 
north. The mass of the Himalayas was 
exerting a small gravitational pull on that of 
the plumbline and introducing discrepancies 
as large as 91.5m (300ft). Asa result, both J. 
H, Pratt and G. B. Airy (1801-92) proposed 
that the continents consisted of lighter mate- 
rial floating on a denser substratum [5]. Pratt 
believed that the different heights of moun- 
tains were due to blocks of different densities 
floating at the same base level, while Airy 
thought the heights were due to blocks of 
different thickness and of the same density 
floating at different depths. Today, Airy's 
hypothesis is generally accepted. 

Another way of putting Airy’s hypothesis 
is that lighter crustal materials “float” in 
equilibrium on the denser but slightly plastic 
mantle, like a cork floating on water. If such a 
cork were covered with an extra load (such as 
a coin) it would sink a little until the extra 
immersed volume created enough buoyancy 
to compensate for the extra load. This is what 
is observed for the earth’s crust; extra loads 
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See aise 
‘Anatomy ofthe earth 


2 The earth's true 
shape is called the ge- 
vid. Because gravity 
varies locally, the 
‘geoid is irregular. 
Rock masses in moun- 
tains [G] attract 

‘a plumbline and 

the assumed direction 
of the centre of gravity 
[XCl for the ellip- 

oid is deflected to 
the local direction of 
the centre of gravity 
UX]. As XFis 
perpendicular to the 
{true level (DE) 

based on the geoid, 
AB is only the 
assumed level based 
onthe ellipsoid. 


consisted of light 
material floating on 
a denser substratum. 
Whereas Pratt 
‘suggested that the 
different heights of 
mountains were due 


level {A}, Airy con- 
sidered that they 
were due to blocks 
of different heights 
of the same density 
floating at different 
depths [8]. Geophys- 
ical research has 
shown Airy’s view to 
be the more likely. 


cause downwarping of the crust [7]. When 
the load disappears, for example by the 
melting of ice or by erosion, the crust bobs 
up, regaining a new isostatic equilibrium 

Parts of Norway and Sweden are still 
rising, following the melting of the thick 
Pleistocene ice caps 10,000 years ago, and it 
is estimated that the crust there must rise a 
further 213m (700ft) before equilibrium is 
restored. However, as Scandinavia rises, the 
coastlines of The Netherlands and parts of 
Denmark are sinking [8] because mantle 
material which is flowing up under Scan- 
dinavia is drawn from beneath The Nether- 
lands and parts of Denmark. 

Isostatic equilibrium is maintained by 
variation in the depth of the earth's crust and 
scientists have shown that every mountain 
chain floats on a deep root in the mantle 
Conversely, below the oceans only a thin 
layer of crust is found. 


Anomalies in the gravitational field 

Rock bodies, whose mass differs greatly from 
that of the surrounding area, cause small 
ons or anomalies in the local gravita- 


6 A person sitting causes the fluid to 
‘onawater bed down- flow from under her 
warps the surtace. and push up under the 


rst person thus 
causing him to rise 
tly. Thi 
analogous to the 
floating of mountains 
‘onthe liquid 

‘mantle of the earth, 


causing fluid to flow 
from beneath him un. 
til equifibrium is 
ached and he no 
longer sinks. A sec- 
ond person also down: 
urface and 


tional field, making it possible to detect them 
with sensitive gravimeters [Key]. Gravi- 
meters work on the principle that gravity 
changes will cause minute variations in a very 
fine quartz spring [3]. These instruments are 
sensitive enough to detect minute gravita 
tional changes as small as one ten-millionth 
of a gramme 

Gravity surveys reveal that large salt 
domes near the surface (often associated with 
oil and gas) will show up as a negative ano- 
maly (that is a mass deficit, because salt is 
lighter than other rocks) [4], while a dense 
ore body will show up as a positive gravity 
anomaly (mass excess), Geologists exploring 
the terrain carry out surveys of the earth's 
gravity field and the observed values are cor- 
rected to eliminate the influence of latitude, 
height and the mass of material between the 
observation point and sea-level or the lowest 
level obtainable. This allowance is called the 
Bouguer correction and the resulting map is 
therefore known as a Bouguer anomaly map, 
Its value to industry lies in its use to deter- 
mine the possible positions and sizes of 
economic ores and oil reserves. 


Key 
Underground rock 
formations can be 
detected by m 
the local variations 
inthe pull of gra 

vity on a delicate 
spring balance called 
‘gravimeter. The 
lighter the material, 
the weaker the pull 
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8 Glacial rebound is 
an example of iso- 
static activity. During 
the last ice age Scan: 
dinavia was weighed 
down by ice, causing 
the north of Europe 
totilt [A]. After the 
ice melted the conti: 
nent returned to its 
original attitude (8) 
buoyed up on upper 
mantle material flow- 
ing from under the 
sinking areas to 


land began to rise 
to restore isostatic 
equilibrium and is 
still rising by 100cm 
(39in) a century. 
Rivers, rejuvenated 
by the upri 

since cut steep-sided 
valleys in the moun: 
tains, The map shows 
the current rate of 

in centimetres 
per century over 

the Baltic region. 


1 Normal gravity reading 
2 Heavy igneous material 
near surface giving 


upward emplacement 
‘of light material 
giving gravity tow 


gravity high 6 Oceanic trough where 
3 Antieline giving gravity Vightor crustal material 

‘high deep in mantle gives 
4 Rift valley where light ‘oravity low 


surface material continu 
10 9 groater depth giving 
gravity low 

8 Salt dome or 


‘ 


Lighter igneous 
material 


Heavier igneous 


7 When the earth’s 
surface acquires 0 
heavy load, like an ice 
sheet, over a period 
of time the crust 
downwarps into the 
mantle. in A the 
crust is in equilib- 
rium with the mantle 
below. An ice sheet 
[8] is heavy and pro. 
duces 2 positive grav: 
ity anomaly. To com- 
ponsate for this, the 
crust downwarps, 
giving a deficiency 
In mass and a nega: 
tive anomaly, The 
positive and negative 
anomalies cancel out 
and the crust remains 
in equilibrium. When 
the ice melts [C] the 
load and positive an. 
re romoved 


ative anomaly. To re- 
store equilibrium [D] 
the land rises and 
rivers rejuvenate, 
cutting deep valleys, 


The rock cycle and igneous rocks 


The rocks on the earth's surface can be 
divided into three kinds: igneous, metamor- 
phic and sedimentary. Igneous rocks have 
formed by the cooling of molten magma [3] 
Metamorphic rocks have formed by the 
baking or the compression of older rocks. 
New crystals have grown in the rock and 
because these were under pressure they grew 
in only one direction and are thus aligned. 
Sedimentary rocks are composed of the 
weathered or croded fragments of older 
rocks or of the remains of living organisms 

Each of these three classes formed under 
very different conditions from the others. 
Sedimentary rocks formed on the surface of 
the earth under extremely low pressures, 
metamorphic rocks formed below the surface 
where both the temperature and pressure are 
high, and intrusive igneous rocks formed, 
again beneath the earth’s surface, but where 
the temperatures are even higher. 


Rock cycle 

The rock cycle [2] isthe relationship between 
these three types of rocks, The first part of 
the rock cycle takes place on the earth's sur- 
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1 Textures canbe 2 Therock cycle is 
usedtoidentityrock the slowchangefrom 
types. igneous rocks one rock type to 


[A] show well-devel- another. Erosion pro- 


oped crystals, sedi duces sediments 
mentary (8| contain which harden to form 
cider piecesandmet- sedimentary rocks. if 


amorphic [C] show 
the stresses under 
which they formed, 


these are deeply buried 
the temperature 
and pressure turn 
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face, This is the erosion and weathering of 
older rocks to soil and sand and the 
transportation of the resulting sediment by 
rivers down to the sea. Nearly all the se 
ment produced, whether on the land or along 
the coast, is eventually transported to deep 
basins under the sea. In these areas great 
thicknesses of sediment accumulate. For 
instance, the Mississippi has been pouring 
sediment into the Gulf of Mexico at the rate 
of approximately 500 million tonnes a year 
for the last 150 million years. The pile of sedi- 
ment is now 1 2km (7 miles) thick. 


Formation of rocks from sediments 
The water circulating through the sand 
deposits iron oxide, silica or lime between the 
grains and this “cements” the loose sand into 
sandstone. Mud is squeezed by the weight of 
the sediment above until all the water is 
pressed out and it becomes shale, This pro- 
cess of changing sediment into rock is called 
lithification, 

Most great thicknesses of sedimentary 
rocks accumulate in long, narrow depressions 
on the sea-floor called geosynclines. These 


depressions are caused by descending 
convection currents which, over & period of 
millions of years, carry the crust of the earth 
down into the earth's interior where both the 
pressure and temperature are high. The 
sedimentary rock in the depression is carried 
down with the crust. Itis folded and squeezed 
afd heated up to between 200°C (392°F) and 
500°C (932°F). This changes the sedimentary 
rock to a metamorphic rock. 

The movement of the earth's crust may 
carry the rock as much as 700km (454 miles) 
below the surface. Here the temperature and 
Pressure will be even higher and the rock will 
begin to melt. Molten rock is lighter than 
solid rock and it will begin to rise up through 
the overlying rock towards the surface. If it 
reaches the surface as a lava flow it will 
immediately be ready for weathering and 
erosion and the start of a new cycle. More 
often the molten rock solidifies underground 
and then all the rock above it must be eroded 
away before it can begin the cycle again. 

Although the complete cycle is from 
sedimentary to metamorphic to igneous, 
many rocks short-cut the cycle, usually by 
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them into metamor- 
phicrocks. Intense: 
heat at great depths 
melts metamorphic 
rocks, This rock 

may be pushed upto 
the surface where it 
cools t0 form igneous 
rocks, There erosion 
begins the cycle again. 


Metamorphic rocks 


Deposition 
Lithifieation 


Metamorphism 
Erosion ¥ 
Emplacement of now 
material from 


Meosun- amsoe 


3 Granite is the most 
abundant igneous 
rock. tis formed by 
the partial melting of 
older deeply buried 
rocks. Initially, the 
molten liquid stays 
between ther 
ing grains but lat 
migratesto form 
small pods which in 
turn collect together 
into layers. Because 
the liquid is lighter 
than the surrounding 
rockitrises upwards 
and intrudes the 
rack above, forming 
large masses 

called batholiths. 


Misuice 
BAumino 
MBFornc oxide 


MiB Ferrous onde 


a Magnesia 
= 


MiCaicium onde 


nium oxide 


sodium onde 


48.0% Potassium onde 


'® 2° 4 Basalt and granite 
are the two common: 
est rocks found on the 
earth's surface. Both 
rocks are composed 


mostly of th 


ments, 


'3:2% silicon and oxygen. 
‘O% These are combined 


76% with minor amounts 
of other elements 
into natural chemical 
123s compounds called 
minerals. Basalts 
occur eitheras lava 
2-6% flows or dikes, 


0-3% 


while grani 
as batholiths. 


missing out the igneous or metamorphic 
stages. For a sediment may be 
lithified to a sandstone but then may be 
uplifted out of the sea and eroded 


instance 


Igneous rocks 
Igneous rocks [5] are divided into extrusive 
and intrusive rocks. Extrusive rocks are those 
that were ejected by volcanoes and cooled as 
lavas on the surface of the earth. Intrusive 
rocks are those that solidified beneath the 
earth's surface. The grain or crystal size of a 
rock depends on how fast it cooled: coarse- 
grained rocks are the result of slow cooling 
which has given crystals time to grow to sizes 
greater than two millimetres in length, Rocks 
cool slowly when deep in the earth’s crust and 
coarseness is characteristic of intrusive rocks. 
Fine-grained rocks have cooled rapidly 
cither on or near the earth’s surface 
extrusive rocks are fine grained although 
some are cooled so rapidly that no crystals 
have time to grow and obsidian is formed. 
Igneous rocks are classified by the 
amount of silica they contain [6], and the size 
of the grains, The chemical composition [4] 


most 


and the silica content in particular depends 
on the origin of the magma from which the 
rock was made. The magma may have 
resulted from the partial melting of the rocks 
beneath the earth’s crust or from the melting 
of the crust itself as part of the rock cycle 
Magma from the crust contains more silica 
than that from below it and produces light 
coloured rocks, whereas the magma from 
below the crust gives dark-coloured rocks. 

The partial melting of the rocks beneath 
the earth's crust produces basalts (fine 
grained extrusive lavas), dolerite (medium- 
grained intrusive rock) and gabbro (coars 
grained intrusive rock) [7], Basalts form the 
floors ta the oceans and occur extensively in 
Iceland and in some contin 
Dolerites are found in thin extensive sheets 
called dikes and sills [5] injected in or be 
tween the sedimentary rock layers, Gabbro 
‘occurs in large layered intrusions which were 
the source of the dolerite and basalt. 

The melting of rocks which were once 
sediments on the crust produces granites [3] 
and andesites. Granites occur in very large 
intrusions called batholiths [5] 


areas, 


5 Many different 
shapes of igneous 
rocks exist. Aneck 
Tis acircularver 
tical feed channel 
of avolcano. Astock 


{2)isalarge mass 
‘of rock which solid- 
ified at great depth 
Abatholith [3] is a 
large body of gran 
ite with no detect: 


able bottom, Alacco- 
lith (4, 7} is adome- 
shaped mass which 
has archedupthe 
rock above. Adike 
[5] is a vertical sheet 


like mass of rock 
and sill [6] isa hor 
izontal sheet-shapod 
body of rock. A lopo- 
lith [8] isa saucer- 
shaped mass of rock 


‘id 
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The energy to power 
the rock cycle is 
derived from the heat 
ofthe sun [1], which 
Indirectly breaks 


6 Igneous rocks 
comprise varying 
amounts of minerals 
inwhich the quantity 
of silica (SiO,) di 
termines the acidity 
ofthe rock and thus 
its classification. Thi 
proportion of silica 
determines the type 


Ulwabasic (Dunito) 


o 


(6) 


down existing rocks. 
tosediments, andthe 
heat from the earth's 
interior (21, dueto 
radioactivity which 


Basic (Gabbro) 


melts existing material, 

togive igneous rock 

and also causes the 

movements of the 
arth's crust, 


and proportion of 
the minerals present. 
Thin rock sections 
examined by polarized 
light reveal th 
individual mi 
indistinctive 
colours, helping to 
identify them andto 
classify the rock. 


7 Intrusive rocks 
can often be identified 
with the naked eye. 
Granite [A] contains 
agreat deal of free 
silica in the form of 
quartz, giving the rock 
alight colour. Diorit 
[8] is darker, having 
less quartzanda 
quantity of dark min. 
erals. These dark 
minerals, such as 
olivine and pyroxine, 
are more commonin 
gabbro [C}, The light- 
coloured minerals in 
thisare felspars. 
Ultrabasic rocks. 

such as dunite [D] 
consist almostentirely 
of dark ferro 
‘magnesium minerals. 
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Sedimentary and metamorphic rocks 


The rocks of the earth's surface are of three 
sorts: igneous (formed from molten magma), 
sedimentary and metamorphic [Key] 
Sedimentary rocks are formed from chemi- 
cals, organic materials and fragments pro- 
duced by the weathering and erosion of older 
rocks; metamorphic rocks by the heating 
under pressure of older rocks. 

Sedimentary rocks are divided into three 
types [1]. The first, which is called clastic, is 
formed by fragments of older rocks: the 
second is organic, composed of the remains 
of animals or plants; and the third is chem- 
ical, produced by the precipitation of mine- 
rals and salts from water, Streams, moving ice 
and waves, break up older rocks into frag- 
ments, some large, like stones or boulders, 
some about Imm (0.04in) across, like sand, 
and some to0 fine to see, which form mud, 
Most of these are carried down to the sea by 
rivers and deposited in deltas or farther out in 
the sea-bed. Stones too large to be moved by 
the water remain near the heads of streams or 
on beaches and are eventually cemented 
together to form a rock known as conglom. 
erate. Sand is deposited near the coast or on 


1” 


1 The three types 
of sedimentary rocks 
are clastic [A], pro- 
duced by erosion 
from older rocks 
organic (8), formad by 
the decomposition of 


living matter; and 
chemical |C}, formed 
from salts deposited 
by evaporation. [A] 
Erosion produces: 
sand and mud which 
is brought down to 
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the continental shelf and eventually forms 
sandstone. Sands are also deposited by wind 
in desert environments. Mud is often carried 
far from the shore to become clay or shale 


Plant and animal origins 

Organic sedimentary rocks may be made of 
plant remains, like coal, or from the hard 
Parts of animals; many limestones are made 
of fossil shells and corals which have 
extracted lime from seawater to make their 
skeletons and, dying, have left their remains 
on the sea-floor. In time the movement of the 
sea wears the shells into fragments. Over a 
Period of millions of years after burial, the 
fragments are compacted by weight and 
cemented to one another by various pro- 
cesses to give limestone. This is called 
lithification, Accumulation of lime is at pre- 
sent taking place in the Bahamas and the Per- 
sian Gulf, but in the past warm seas were 
much more extensive and limestone was pro- 
duced over large areas. Chalk is made of 
countless small shells so minute that they can 
be seen only with a microscope. Seawater 
contains Jarge amounts of salts and, if it is 


the sea by rivers, 
deposited in deltas 
(and on the sea- 
floor where it hacd: 
ens into rock (2), 
Large grains are de. 
Posited inshore, fine 


mud [3] farther away 
~a common origin 
for clastic rocks. 

[8] On acoral reet, 
living coral (4) is 
found only near the 
‘surface. it rests on 


evaporated, they are precipitated out as lime 
is precipitated in a kettle. In tropical areas 
where hot, dry winds blow over shallow seas, 
much of the water is evaporated and. lime 
forms on the sea-floor, hardening to a fine- 
grained limestone [4]. If there is a partially 
enclosed basin, then not only lime but salts 
such as gypsum will be precipitated 
Sedimentary rocks are important because 
they provide oil, natural gas, coal and 
building stone. They are of great interest, 
too, because they were formed at the earth's 
surface and provide much evidence of its 
nature many millions of years ago. Fine red 
sandstone [3], for example. indicates the 
former presence of deserts. The study of 
ancient environments through the analysis of 
Present-day rocks is called stratigraphy 


New rocks from old 

Metamorphic rocks are usually much harder 
than sedimentary rocks. Some are formed by 
deep burial, others by the heat of igneous 
intrusions. Their grains are all interlocking 
crystals and many, such as slates, schists and 
Bneisses, split easily along certain planes. 


hundreds of metres of 
dead coral [5] and 

on both sides are 
piles of broken 


crustaceans also 
accumulate on the 
sea-floor [7], All 

will form reef lime- 


pieces of coral stone, a typical 
eroded bythe waves organic rack, [C] 
[6]. The shelis of Where a partially 
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enclosed basin is 
found in the tropics 
the seawater is 

evaporated [8] and 
the salts init de 

posited [9] forming 
chemical rocks {10}. 


Others, such as quartzite and marble, are 
compact rocks which break in any direction. 

When sedimentary rocks are intruded by 
a molten mass of magma they are altered 
This process is a form of metamorphism 
known as thermal or contact metamorphism 
Small intrusions such as dikes and sills merely 
bake a thin skin of rock and make it harder; 
large intrusions, such as the Dartmoor 
(southwest England) granite, alter the rock 
for several miles around. A large intrusion 
may heat the rock to 700°C (1,292°F) and 
take more than a million years to cool, giving 
time for new minerals to form 

‘The rocks surrounding an igneous intru- 
sion can be divided into zones, depending on 
how much they have been altered. Shales will 
have been changed to slates on the outside 
and near the intrusion new minerals, such as 
andalusite, will occur in the slate. Next to the 
intrusion, hornfels, a hard rock, will form. 


Alteration of large areas 

Regional (or dynamic) metamorphism [5] 
occurs where large areas of rock have been 
buried sufficiently deep for the increase in 


temperature and pressure to alter the rocks. 
The pressure increase is caused by the weight 
of rocks above and the increase in tempera. 
ture by the earth's interior heat. Slates are 
formed by both regional thermal 
metamorphism but schists and gneisses are 
found only in regional metamorphism 
Regionally metamorphosed rocks outcrop 
over a large part of the earth’s surface, where 
cold mountain ranges have been eroded awa 
leaving on the surface rocks that were once 
deeply buried. Examples are the Canadian 
Shield and parts of Scotland and Sweden 

A third, rare type of metamorphism is 
dislocation metamorphism, caused by large 
areas of rock moving past one another. The 
pressure shatters the-rock and the friction is 
so great that the rock is partially melted, pro- 
ducing a rock called mylonite. It occurs only 
in narrow strips, of which the Lizard, in Corn- 
wall, England, is an example. Unlike 
sedimentary rocks, metamorphic rocks are of 
Ro great use to mankind, containing no oil 
and few useful minerals, and are of little use 
in building, apart from slate for roofing and 
marble used in decorative work 


and 


The three groups of 
rock are igneous, 
sedimentary and 
metamorphic, They 
are seen together 


2 Three processes 
turn loose sediment 
Into rock. Cementa 
tion [A] occurs where 
water percolates 
between grains, de 
positing thin layers, 
of iron oxide, cal 
cium carbonate or 
silica around grains. 


Grains are cemented 
together, becoming 
sandstone. Compac: 
tian [8] occurs where 
water between grains 
of sediment is 
squeezed out by the 
weight of more sedi: 
‘ment, By this means, 
clay becomes mud: 


stone. The third pro: 
cess occurs during 
‘mountain building {C], 
when large forces. 
cause the minerals of 
rocks to recrystallize 
ina solid mass leav- 
ing no spaces. This 
isacommon 
occurrence in marbles, 


3 Grains of quartz 
sand cemented to- 
gether with lime, 

iron oxide or silica 
make up sandstone 
and each graincan 
easily be seen. Sand: 
stones are usually red, 
cream or brown, but 
are sometimes green. 


4 Limestone is white, 
grey or cream-colour: 
ed rock, aften con: 
taining many fossils. 
Limestones are made 
of calcium carbonate 
and are formed by 
the partial evapora 
tion of seawater or 
from broken shells 
which are often pre: 
served as fossils, 


where igneous rock 
has intruded sedi 
mentary rocks. its 
heat has caused the 
sedimentary rock to 


be thermally meta: 
morphosed, Deeply 
buried sedimentary 
rock is regionally 
metamorphosed, 


“5 Pressure and heat 
on old, deeply buried 
rocks produces re- 
gional metamorphism. 
The tempera: 

ture and pressure 
increase with depth 
of burial, causing 
new minerals to grow 
in the rock, and the 
size of the mineral 
crystals increases 


with depth. Clay is 
made of very small 
crystals, but gneiss 
has 2em-long (0.75in) 
crystals. Minerals 
grow in the direction 
of least pressure, 
which means they are 
aligned and will 

split easily one 

way. Hornfels does 
not show lineations. 
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Folds and faults 


The carth’s mountains and valleys are 
formed by folds and faults in its ceaselessly 
changing crust, Folds are rock waves and 
faults are cracks, and both are caused by the 
intense pressures of continental drift. They 
are of major significance to industrial peolo- 
gists because they often form structural traps 
for valuable mineral deposits, 


How folds and faults form 

Folds and faults are usually well developed in 
both sedimentary and volcanic rocks. They 
may also form in plutonic rocks such as 
granite and gabbro. Correct interpretation of 
their structure is essential in mining. Recum- 
bent folding and reverse faulting can cause 
beds of coal, for example, to be repeated 
vertically, while normal faulting can cause a 
horizontal gap. A coal seam may thus be 
Passed through several times in drilling, ot 
alternatively missed altogether. 

Faults that develop above an intrusive 
Branite allow mineralizing fluids to pass into 
the overlying rocks and there deposit mine- 
rals such as lead, tin, zinc and copper ores, 
Similarly, faults that do not reach the surface 


May become uneven 
and develop into 

an asymmetric 
anticline (8). At 

a later stage, 


imple 
fold may be created, 
probably asymmetric recumbent fold may 
anticline {A}. But develop [C]. The 
if there iso anticline is then, 
continuation of lying on top of 
pressure, the fold tho syncline and 
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may form channels up which oil and gas can 
rise. In downward folds, where porous sand- 
beds overlie impermeable clays and shale, 
collections of water form which can produce 
artesian springs. 

Movement of the massive plates of rock 
that compose the earth's crust produces 
intense pressure at the margins of the plates. 
Where two plates converge, these sometimes 
throw the rocks up into highly folded and 
faulted mountain chains. At other plate 
edges, stretching pulls the rocks apart and 
forms long depressions bounded by faults, 
such as the rift valleys of East Africa, 

Folds vary greatly in size, froma few mil- 
limetres to hundreds of kilometres across 
Downward or basin-shaped folds are called 
synclines and upward folds are called anti- 
clines [Key]. Synclinoria and anticlinoria are 
the names given to large synclines or anti- 
lines that have smaller folds on their limbs. 
The Weald of southeast England and parts of 
the Paris basin, for example, are anticlinoria, 

Folds that form at the same time as 
deposition are known as supratenuous folds 
These occur when material that compacts at 


the layers of rock fold [0]. When th 


on one side of layers disappear 
the anticline are due to stretching 
inverted. If and fracture, a 

pr continues nappe is formed [E] 
to be exerted, Over a long period 


these layers will this nappe may be 


thin and eventually pushed out many 
break to produce kilometres from its 
an overthrust original position, 


® G a) 


different rates is deposited at the same time 
in the same area, as when sand is deposited 
around coral. Domes are folds in which the 
beds dip outwards, whereas basins are 
formed when the beds dip inwards [3] 


Classification of folds 
There are three main kinds of folds. First 
true, or flexure, folding forms by the 
compression of competent (strong) rocks. 
This may grade into the second type, flow 
folding, in areas where incompetent (weak) 
rocks occur [4]. The incompetent rocks 
behave like a thick paste; they cannot easily 
transmit pressure and many minor folds usu- 
ally form. Third, shear folding [5] may occur 
in brittle rocks by the formation of minute 
cleavage-like fractures in which thin slices of 
Fock are able to move in relation to cach 
other like a pack of cards pushed in from the 
side, Except where cut by a fault, all folds 
eventually die out by closure, the shape of the 
fold resembling a half basin or dome. 

Simple folds usually occur in young rocks 
like those of the Tertiary and Quaternary 
eras. Complex folds are found in older rocks 


2 Asymmetric 
anticline (1) 
and syneline {2} 
have limbs that 


an asymmetric 
anticline [3] and 
‘of a syncline [4) 
may be more 


dip at similar difficult to estab. 
‘onelther lish. Where com 
of the axial pression produces 


plane of the fold. 
The position of 
the axial plane of 


a reverse fault (5) 
‘one side of the 
fault (in this case 


@ 


3 Domes and basins 


are folds that are 
about as wide as 
they are long. They 
are due to complex 
compressions of the 
crust. Isolated domes 
can be due to the 
subterranean rise of 
‘magma or rock-salt 


4 Beds can be com- 
petent oxincompetent 
according to their 
reaction to folding 
Competent beds bend 
and crack (1] without 
much flowage while 
incompetentbeds 
shear [2] or form 
shearing micro: 

folds (3) that alter the 
thickness of the bed. 


CONNECTIONS 
See also 

Ge arc death of 
Earmounnes, 


the lett) over. 
rides the horizontal 
strata on the other 
side. In the case 

of amonocline 

fold (6), rock strata 
Ving at two levels 
may be separated 
by alimb that 

\s relatively steep 


which have been exposed to earth move- 
ments for a longer period and which have 
often been deeply buried within the earth's 
crust. Very old rocks, such as the Precamb- 
rian of Norway, have been refolded many 
times with the development of structures 
such as boudinage, mullion and cleavage (6, 
7]. These ancient rocks have also been 
considerably altered by heat and pressure 
from igneous intrusions and deep burial 
Platy minerals, such as micas, then develop 
parallel to each other and the rock tends to 
split easily along thin planes, Rocks with this 
property are known as schists. 

With increasing distance from the source 
of pressure that causes folding, the folds 
gradually die out both in horizontal and ver- 
tical directions. This is well displayed in the 
Alps where the folds become less complex to 
the north and also to the west 


Faults and refaulting 
When rocks can no longer bend under 
pressure they crack and a fault is formed 
[Key]. If the rocks are pulled apart a normal 
fault forms [10A}, while if they are com: 


5 Rocks can break 
instead of bending 


Fractures form 
tops of anticlins 


the 


Coarse-grained racks where weak beds are 
cleave on planes pulled apart during 
perpendicular to folding, Finer 
bedding. When the grained rocks split 
space between by close-spaced 


faults into slices 
parallel to the 
pressure direction. 


fractures exceeds a 
few centimetres, they 
are called joints, 


a G 2 


8 Lateral pressure, 
when applied toa 
recumbent fold, 


9 Vertical displace- 
ment may be more or 
Jess equal in some 


can produce a low: types of block 
angle crack [1] faulting. Where one. 
along which the block is lower 
‘overturned limb of felative to those 

the fold [2] may oneither side, a 


slide. This type 
of crackin a rock 
structure is called 
a thrust fault. 


graben [A] is formed 
and where one is. 
raised, a horst 

(B]is formed, 


Pressed reverse and thrust faults form (10B] 
Due to movement along the fault plane, 
grooves and scratches are ground out on 
adjacent walls. These scratches allow geolo- 
gists to measure the relative lateral and ver- 
tical movements of faults, and tell, for 
example, whether the movement was linear 
or rotational, Faults, which are often 
associated with earthquakes, are well 
expressed at the surface as fault scarps and 
rift valleys such as the San Andreas fault and 
the Rhine rift valley 

As they are produced by the same 
Pressures, faults are frequently’ associated 
with folded areas. Sometimes the surface 
strata may crack into a complex mosaic of 
blocks by renewed movement along an 
existing buried fault. Reactivation of such a 
buried fault is believed to have been respon- 
sible for the disastrous 1966 Tashkent earth- 
quake. Refaulting occurs in many areas 
where new and different stress fields are 
superposed upon ancient ones, Some regions 
have been refaulted and refolded several 
times, asin the complex Precambrian arews of 
Finland and Canada. 


Fold structures 

[1] Trace of the 

xia! plane of 

asyncline 

12) Trace of the 
axial plane of 
annticline 

[3] The crest of the 
fold 

[4] The limb of the 
fold 

[5] Antictine 

[6] Dip of the rock 
strata 

[7] Trough between 
folds 

[8] Syncline 


Fault structures: 
[1] Downthrown block 
{2} Angle of dip 
(3) Fault plane 
(4) Nett slip 
[5] Hade 
[6] Upthrown block 
17] Hanging wall 
8] Foot wall 
|9] Horizontal 
dip slip (known, 
as heave) 
[10] Vertical slip. 
(throw) 


6 Strong rockin 

8 competent bed 
between two 
incompetent beds [A] 
is sometimes sub- 
jected to stretching 
force [B]. The 
competent bed then 
deforms and breaks 
Up into flattened 
rods which are 
called boudins [C] 
‘The incompetent 
beds on either side 
flow into the spaces 
between the boudins. 


7 Shearing of a com: 
petent bed between 

two incompetent beds 

[A] may break up the 
competent bed [8] 

which is ground into 
rods called mullions 


mullion structures 
totell them what 
kind of forces have 
been at work and in 
what directions they 
have been acting 


~ 


10 Stretching can 
produce a normal 
fault (Al, compres- 
sion dveversed 
fault (8), shearing 
astrike-slip fault 
(Cl, slumping a 
hinge fault [D] and 
twisting o rota 
tional fault [E]. 


MA 


11 Strike-stip 
faults that move 
to the right [A] 
are dextral 
faults while move- 
ment to the left [8] 
produces sinistral 
faults. Transform 
faults are a special 
kind of strike-slip 
fault linking major 
arth structures. 
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Life and death of mountains 


A true mountain is more than just a piece of an exceptionally large horst (block of raised Fanges thousands of kilometres long. Fold CONNECTIONS 
high ground. It also hasunderneath it specific strata) which was then shaped by erosion, mountains are often associated with block- ames 
Beological formations such as strongly folded — Many block mountains — for example, inthe faulted mountains and with volcanic moun- 2, 


and faulted rocks, ancient volcanic deposits 
or large igneous masses such as granite in- 
trusion. Conversely, layers of sedimentary 
Focks that barely rise from the horizontal 
should not strictly be described as mountains 


‘Types of mountains 
There are four main types of mountains: fold, 
block, dome and volcanic. Fold mountains 
can vary widely in complexity but still con- 
form to the basic type, The Alps [10], Carpa 
thians and Himalayas form the world's 
largest fold mountain chain. The rocks have 
been compressed and crumpled in extremely 
complex ways, with intrusions of molten 
rock, widespread metamorphism (changes in 
the rocks) and faulting. The numerous earth 
quakes in Turkey and Iran indicate that 
Mountains there are still moving 

Block mountains are large-scale faulted 
structures, Internally a block mountain is 
usually highly folded and faulted and may 
howe been created either by a deep fault or by 


1 


2 Pressure causes 
rocks to bend, first 
forming gentle folds 
(A). These folds are 
Subsequently eroded 
along their crests 

to form valleys [B), 
The valleys may 
become deeper than 


Basin and Range province of Nevada 
abruptly above the surrounding lowland 
Domes are formed by the lifting of strata, 
as when granitic magma is intruded. As the 
lifting increases the surface is worn away 
by erosion and underlying granite is ex- 
posed. When such domes are large and 
high they constitute true dome mountains, 
such as the Black Hills of Dakota, 
‘olcanic mountains differ from others in 
that they grow visibly during eruptions [4] 
When their last growth was recent, their 
shape is relatively unaffected by erosion. As 
more eruptions tuke place on the same site, 
30 the successive outflows of ash and lava 
increase the height of the volcano. Volcanic 
mountains in inte are 
comparatively rare. They are mostly sub- 
marine or island features and can form island 
ares several thousands of kilometres long 
one such arc is the Aleutian Island chain, 
Fold mountains are by far the most 
important because they form very large 


rise 


continental 


ors 


1 When crystalline 
Fock such as granite 
is melted and intruded 
(injected in a molten 
state among oxisting 
rock) beneath strata, 
itbends the strata 
Upwards [A]. Contin: 
ued upfolding of the 
strata later exposed 
through erosion forms 
a. dome mountain [B), 


tains because the forces causing the folding of 
the rocks are the same that produce faulting 
and promote vulcanism. The mechanism of 
the large horizontal compressions leading to 
the crumpling and folding of the sedimentary 
cover of the earth's crust was poorly 
understood before the plate tectonics theory 

According to plate tectonics theory 
fold mountains are formed by the movements 
and collisions of large plates that make up the 
earth's crust. These plates are usually 
enormous and may underlie and carry whole 
continents. When two plates collide the more 
resistant one slides beneath the other 
squeezing upwards the sediment deposited in 
the geosyncline [6], or trough, between them. 
The great folds formed in the compressed 
sediment eventually break out above the sur- 
rounding region as mountains, 

If the initial clash involves a fast-moving 
continental plate, the folds may be thrown 
even higher forming much larger mountain 
ranges. A continental plate thrust under 


e 5 Continental areas by collision between _ formed by collision See tees 
the adjacent ayn ofthe world consist platesand continents, betweendcommon = pera 
called inverted relief, of stable shields: The Ural, Alpine and a mobile plate, =) mothe 
furrounded by mobile and Himalaya moun- The East Africen 
3 belts. Between the tains were formed by rift valley indicates Swen 


shields material has 
been crushed up into 
mountain chains 


continental collisions, 
while the American 
cordillera was 


that the shield is split 
ting up to form [= monte bets 
New oceanic areas. | Precamo 

(Oy nc orees 


¢ — 


“4 
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3 Sometimes rocks 
do not bend easily, 
but are instead 
Upfaulted as huge 
blocks [A]. Erosion 
then rounds off the 
faulted edges to 
form block mou 
[8] and stream 
cuts the up-lifted 
blocks into peaks. 


6 Geosynclines are 6 
the birthplaces of 
mountains. They are 
large troughs where 
thick layers of 
sediments can accu- 
mulate [Aj], Where 
geosynclines develop 8 
between two colliding 
crustal plates [B] the 
sediments can be 
squeezed up as broad 
ridges known as 
geanticlines [C] 
Further com- 
Pression creates 
mountain ranges [D) 
The whole process is 
usually accompanied 
by pressure-induced 
recrystallization or 
melting, which then 
forms metamorphic, 
plutonic and volcanic 
Focks; examples of 
each of these are 

are gneisses, granites 
and rhyolites. 


tains 
tion 


4 Avolcano [A] is 
formed when gas and 
molten rock escape 
through an opening 

at the surface of 

the earth to relieve 
pressures beneath 

the crust and 

solidify round 

the opening. Con. 
tinued outpouring 

of ash and lava may 
build up a mountain [8] 
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another tends to maintain an upward 
pressu ther like a submerged cork 
secking to regain the surface; in time the 


tationary plate is levered upwan 


attached fold 


s and 


mountains move with the plate 


The Himalayas were formed when the 
northern edge of the Indian continental plate 
collided with and slid under the Asian plate 
the Asian plate was then lifted and the 


world’s highest mountain s created. 


nge w 


Death of mountains 

Mountains are sculptured and destroyed by 
the climatic forces of frost, water ( 
of snow, ice and 


the form 
n) and wind. Frost may 
hatter and break up rocks to form sere 


(masses of debris at a cliff base) and snow and 


glaciers gou; 


out rock debris and transport 


«down the mountainside, leaving the debris, 
an elongated moraine at the tip of the 
down, rivers cut into the 
and form zigzag valleys with 
nterlocking spurs. 
be sliced off by 


acier, Low 


mountainside 
These spurs may in turn 


aciers making their way to 
lower levels down the mountain. In short the 


mountains is the continuing st 


ry 


9 The Canadian 
Rockies, in their west- strat 
ern part, consist of 
intensely metamor: 
phosed strata (1 
High pressures hore 
ted granites. 
These granites, expan. 
ding with heat, b 
ne lighter than the 
verlying rocks and 
jh them 


the Palaeozoic 
3} to the 

east along low: 

angle faults [4] 
which also separate 
these strata from 

the underlying 
crystalline basement 
is 


5). The piling-up 


of these slabs by 
thrust-faulting finally 
led to a considerable 


intrusions 
The uplift sheared 


ai thickness of 


sedimentary rocks. 


af the breakup of rocks and their gradual di 
ent under the 
In time, we 


fluence of 


ravity 
hering and erosion destroy 
mountains by lowering them so much that 
they are eventually transformed into bre 
plains cut by 


lowly meandering rivers. In 
rid climates wind erosion may finish the 
work by sand-blasting the remaining hills 


into a bare desert, leaving a surface known as 


2 peneplain [Key] 
This stage is rarely reached; more 


newed earth 


that is, almost a plain 
mmonly 


movements uplift the are 


gain, so be 


ginning 


new 


ological phase 


The study of mountains 
Mountains help ge 


gists to understand 


plate structures and to learn more ubout 
how rocks behave when they are compressed 
Mountain 
cient plate boundaries in 


by moving continent iso mark 


ne positions of a 


or example, Mesozoic-Cenozoic times when 

great ranges such as the Himalayas were 
being formed. Similarly, the study of ancient 
mountain ranges also reveals the sites of 
ancient oceans, enabling scientists to recon. 
truct the past geography of the planet 


ee 7 The Mont Blanc 


= massif, a lofty 
mountain range in 
the French Alps, is 
typical of the 
popular conception 
SB) Stmountains, The 
cold elima 


due to 
the high altitude 
allows frost to. 
split the rocks and, 
with the aid of 
~ the mountains into 
SF serrated ranges 
of jagged peaks. 


laciers, to ¢ 


10 The highly folded 
strata of the west. 

ern Alps have not 

only been crumpled 
and folded but also 
shoved great dis 
tances northwards as 
nappes. Where press. 
ure and heat were suf 
ficient the sedimentary 
strata were also trans- 
formed into metamor 


Three stages in the 
life of a mountain 
are shown here. [A] 
Idealized young com: 
plex mountain: [1 
granite batholith; (21 
major fault offsetting 
strata; [3] formation of 
a young stream; [4 
sea-level: (5) metamor 
phic rocks; [6] ant 
cline of upfolded 
strata; [7] syncline of 
downfolded strata 
18] Mature complex 
mountain: [8] glacier 
scouring U-shaped 
valley; [9] glacial 
meltwater forming 
ive stream; (10 
erosional "Matter: 
horn” peak —top of 
Granite batholith ex 
posed by erosion 
iC] Peneplain of old 
complex mountain 
11] peneplain due 
to total erosion of 
12] rivers 
reworking sediments 
of the peneplain 
[13] remnant of 
eroded mountain 


mountains: 


8 This peneplain 

in the Northern 
Territory of Aus 
tralia was formed 
when a mountain 
range was eroded 

to an almost flat 
surface, Monadnocks 
rise above the 

plain showing 

the former positions 
of peaks or hard 
rocks. The surface 
Is scoured by wins 
and this forms 

dy desert 


phic rocks such as 
gneiss and schist 

[5, 6,7, 8] 

The areas shown 
here are [1] basement 
[2} flysch zone; [3] 
Pre-Alps; [4] Helve 
tic nappes; [6] Dent 
Blanche nappe; {7} 
‘Mont Rosa nape: 

[8] lvrée zone; and 
[8] Dinaric Alps 
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Earth’s water supply 


Water is essential to all life on earth, The 
study of the earth’s water supply, called hyd- 
rology, investigates the distribution of water, 
how it is used by man and how it circulates 
from the oceans to land areas and back again 
in the hydrologic or water cycle 


‘The water cycle - from oceans to land 

About 97 per cent of the world’s available 
water is in the oceans [Key]. Oceanic water is 
salty and unsuitable for drinking or for farm- 
ing. In some desert regions, where fresh 
water is in short supply, seawater is desali- 
nated to make fresh water. But most of the 
world is constantly supplied with fresh water 
by the natural process of the water cycle [1] 
which relies on the action of two factors: the 
sun's heat and gravity. 

Over the oceans, which cover about 71 
Per cent of the earth’s surface, the sun's heat 
causes evaporation. Water vapour, an invis- 
ible gas, rises‘on air currents and winds. Some 
of this water vapour condenses and returns 
directly to the oceans as rain, But because of 
the circulation of the atmosphere. air bearing 
large amounts of water vapours carried over 


land where it falls as rain or snow (precipita- 
tion). 

Much of this precipitation is quickly re- 
evaporated by the sun. Some soaks into the 
soil where it is absorbed by plants and partly 
returned to the air through transpiration. 
Some water flows over the land surface 
run-off, which collects into rills and flows into 
streams and rivers. Some rain and melted 
snow seeps through the soil into the rocks 
beneath to form ground water 

In polar and high mountainous regions 
most precipitation is in the form of snow 
There it is compacted into ice, forming ice 
sheets and glaciers. The force of gravity 
causes these bodies of ice to move down- 
wards and outwards and they may eventually 
return to the oceans where chunks of ice 
break off at the coastline to form icebergs 
Thus all the water that does not return 
directly to the atmosphere gradually returns 
to the sea to complete the water cycle. This 
continual movement of water and ice plays a 
major part in the erosion of land areas, 

Of the total water on land, more than 75 
Per cent is frozen in ice sheets and glaciers as 


in Greenland and Antarctica [Key]. Most of 
the rest (about 22 per cent) is water collected 
below the earth's surface and is c led ground 
water, Comparatively small quantities are in 
lakes, rivers and in the soil. Water that isheld 
in the soil and that nourishes plant growth is 
called capillary water. It is retained in the 
upper few metres by molecular attraction 
between the water and soil particles. 


Ground water and the water-table 
Ground water [4] enters permeable rocks 
through what is called the zone of intermit- 
tent saturation. This layer may retain ground 
water after continued rain but soon dries up. 
Beneath this lies a rock zone where the pores 
or crevices are filled with water. It is called 
the zone of saturation and usually begins 
within 30m (98ft) of the surface, extending 
downwards until it reaches impermeable 
rock through which water cannot percolate 
This impermeable rock layer, lying below the 
water-holding layer, or aquifer, is called a 
ground water dam 

The top of the saturated zone is called the 
water-table. This is not a level surface. It is 
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Caves and 
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1 The hydrological 
or water cycle is 

the process whereby 
water, in some form, 
circulates from the 
‘oceans to land are 


run-off [4]; evap- 
oration of rain in 
falling [8]; ground 
water flow to rivers: 
and streams [6]; 
ground water flow to 


and back again. the ocean [7]; 
Fresh water is pre- transpiration from 
‘sent on the earth as Plants (8); @ 


\p- 
‘oration from lakes 
and ponds [9]; evap- 
oration from the soil 
[10]: evaporation 
from rivers and 
streams [11]; evap: 


iO) 


water vapour in the 
tmosphere, as ice 

and as liquid water, 

The elements of the 

cycle are precipitation 
8 rain (3); surface 


‘oration from the 
‘oceans (13); flow of 
rivers and streams: 
to the oceans [12]; 
ground water flow 
from the ocean to 
arid land [16}; in- 
tense evaporation 
from arid land [17]; 
movement of moist 
air from the oceans 


2 Sandstone (shown 


[14] and to them, highly 
[15]; precipitation as porous rock through 
‘snow [2]; ice flow which water perco- 
into the sea (1), lates easily, 


® © 


4 Ground water 
‘seeps through the 
zone of intermittent 
saturation [1] until it 
reaches an imper: 
layer above 
which it forms the 
zone of saturation 
or aquifer [2, 10), 
The upper surface of 
the aquifer forms 
the water-table (3, 
131, above which 
the capillary fringe 
(6). Wells {7)1must 


3 Limestone is a 
permeable but non- 
Porous rock. Water 
can percolate only 
through the joints 
and the fissures. 


0@@ 


be sunk to the water. 
table because the 
capillary fringe is 

not saturated. Im- 
permeable dikes (8) 
block the flow of 
ground water. in 
uniform material 

the water follows 
paths [4] that 

curve down and up 
again towards the 
nearest stream. If 

an aquifer is part 

ofa series of 

strata including 
several impermeable 
layers [11] a perched 
water-table [12] 

may result. iit 

ies between two im: 
permeable strata it 

is Said to be con 
fined [14]. Its re. 
c N5I is 
where water enters 
the confined aqui- 
fer. A stream below 
the water-table is 
called a gaining 
stroam [5] while 

a stream flowing 
above it is known as 
a losing stream [9] 
because it loses 
water by sepa, 


often arched under hills, but beneath plains it 
generally lies closer to the surface. The 
water-table also varies in level during the 
yer, depending on the amount of rainfall 
In some places the water-table intersects 
the surface, forming such features as oases [6] 
in desert hollows, swamps, lakes and springs. 


Springs [5] are gushes or seepages of water 
that may oceur along the base of a hillside or 
in a valley in the hills. They are found where 
the water-table or an aquifer appears at the 
surface or where the aquifer is blocked by an 
impermeable rock such as 
Spring water is 


volcanic dike 
usually fresh and clean 
because it passes through the fine pores of 
rocks such as sandstones [2] where impurities 
are 


iltered out in much the same way as 
domestic water is purified by sand filtration. 
Limestone is not porous rock but it is 
permeable — that is, ground water can seep 
through the maze of fissures, joints and caves 
n the rock [3]. These apertures are enlarged 
by rainwater containing dissolved carbon 
dioxide — a weak carbonic acid that dissolves 
limestone. In limestone ground water is not 
filtered in the same way as in porous rocks. In 


the late 1800s epidemics of cholera and 
typhoid often occurred in France in areas 
where springs emerged from limestone areas. 
It was finally established that the spring water 
had been contaminated miles away by rub- 
bish thrown into pot-holes. 

Some springs contain so much mineral 
substances in solution that their water is used 
for medicinal purposes and spa towns have 
grown up around them. Occasionally these 
springs are thermal. 


Water from artesian wells 

The lowest level of the water-table, reached 
at the driest time of year, is called the perma 
nent water-table, Wells must be drilled to this 
level if they are to supply water throughout 
the year. In artesian wells [7] water is forced 
to the surface by hydrostatic pressure — this 
results from the rim of the well being below 
the level of the water-table in the catchment 
area. Artesian water is obtained from porous 
sandstone aquifers that underlie the Great 
Artesian Basin of Australia. These aquifers 
are supplied with water from the rain that 
{ls on the Eastern Highlands 


5 Springs appear 5 
where the water 

table meets the sur 
face. [A] Springs 
may occur where a 
fault brings an 
aquifer into contact 
with an impermeable 
layer. [8] Water 
pressure creates 
artesian springs at 
points of weaknoss. 
[C] Water seeps 
through jointed lime: 
stone until it 
emerges above an 
impermeable layer 
[0] Springs form 
where permeable 
strata overlay im 
permeable rock. [E} 
An impermeable bar 
rier may lead to 

the formation 

of a spring line. 


6 An oasis is an area 
ina desert that is 
made fertile by the 
presence of water 
Some oases are found 
along rivers cross. 
ing the deserts. 
such as the Nile. 
Others owe their 
moisture to under 
ground waters reach. 
ing the surface or 
near-surface, Wadis 
are intermittent 
streams that flow 
only after heavy 
rainfall but they 
often have a hidden 
flow under their beds 
which can reach the 
surface to create 
oases, Aquifers with 
recharge areas out 
side the desert can 
pipe” water to 
oases under long 
stretches of arid 
desert. These re- 
charge areas are 
usually mountains 
suitably sited for and wells are found 
catching rain, The where ground water 
natural flow can be is under pressure 
increased by pumping The water-table [1] 
the ground water but —_ in the confined aqui 
if the rate of pump fer [2] lies near 
ing exceeds the the top of the dip: 
wator flow into the ping layers. A well 
aquifer in the [4] drilled through 
recharge area the the top impervious 
wells will dry up. layer [3] is not an 


7 Artesian springs 


The total water sup: 
ply of the world 

is estimated to be 
about 1,380,000,000 
cubic kilometres, and 
97.2 percent 

of it forms the 
oceans. Of the 


artesian well be. 
cause the head of 
hydrostatic pressure 
(6) is not suf. 

ficient to force 

water to the surfac 
In such wells the 
water must be pump: 
ed or drawn to the 
surface. The top of 
an artesian well (5) 
lies below the leve! 


remainder, 215 per 
cent is frozen in 

ice caps and gla 
clers, and most of 
the rest is in 

rivers and lakes 
(0.0171 per cent) or 
under land areas a8 


of the head of 
hydrostatic pressure 
and so water gushes 
to the surface. Ar 
tesian springs (8) 
may occur along 
joints or faults [7] 
where the head of 
hydrostatic pross: 
ure is sufficient to 
force the water 

up along the fault 


ground water (0.625 
per cent). Water 
vapour represents 
‘only 0.001 per cent 
but this quantity 

is vital: without 
itthere would be 

no life on land. 


Areas with arte. 
sian wells are 
called artesian bas 
Ins. In the London 
and Paris artesian 
basins the water 
has been so heavily 
tapped that the 
water level 

has dropped below 
the level of 

the well heads 


Caves and underground water 


Most of the earth's surface has been mapped, 
but in many areas vast networks of caves, 
largely unexplored, lie beneath the ground. 
There are several kinds of caves, including 
coastal caves, ice caves and lava caves. The 
largest cave systems occur in carbonate rocks 
(limestone and dolomite), most of them 
forming in massive layers of limestone. 


Formation of caves 
Limestone is a fairly hard rock formed from 
calcium carbonate, Although insoluble in 
pure water, limestone is dissolved by rain- 
water containing carbon dioxide from the air 
and from the soil. Rainwater reacts chemi 
cally with limestone and converts it to soluble 
calcium bicarbonate. Limestone is riven by 


joints (vertical cracks) and by bedding 
planes, which are usually horizontal. When 
limestone is exposed on the surface, rain. 
water widens the joints into. “grikes 

dividing the limestone into blocks called 


clints. This broken pavement surface is a fea 
ture of karst scenery, named after the lime 
stone Karst district of the Dinaric Alps in 
western Yugoslavia 


SS Se 


1 As rain falls, it 
dissolves carbon di 
oxide from the atmos: 
phere and becomes a 
weak carbonic acid 
that attacks car 

bonate rock (limestone 
and dolomite) by 


transforming it into 
the soluble bicarbon: 
ate. Carbonate rocks 
are criss-crossed by 
vertical cracks and 
horizontal breaks 
along bedding planes 
IA). Some geologists 
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Some authorities suggest that limestone 
caves are formed when rainwater slowly 
enlarges the joints and bedding planes as it 
seeps down to the water-table. Eventually 
streams flow into the enlarged joints which 
form sink-holes or swallow-holes. Such 
streams may flow underground for many 
kilometres, dissolving vertical chimneys and 
horizontal galleries 

However, other authorities do not con 
sider that this explanation accounts for cave 
networks that have underground chambers 
with high roofs, Such caves, they argue, must 
have been formed when the land surface was 
far higher than it is now and when the lime 
stone was completely saturated with ground 
water [1]. They believe that, under pressure. 
the ground water seeped through the rock. 
until it finally emerged at the surface as a 

pring. Eventually 
planed down the land surface, the water 
table dropped and air entered the dissolved 
caves. Sink-holes might have been formed 
when the raofs of caves collapsed. 

The Mammoth Cave National Park in 
ntucky, USA [Key]. of the 


the forces of erosion 


2 Limestone surfaces 
are often eroded into 
blocks called 
[1]. Surface streams 
flow into dissolved 
sink-holes [2], that 


believe the caves 
were formed when the 
rock was saturated 

by water. Others 
believe they formed 
gradually by solution 
[B} into # major 

cave network [C 


[3], Potsholes [7] are 


Gtreeecrem 


Jead to @ deep chimney 


nsive cave network, with a 
total mapped passageway of 231km (144 
miles), linking it with the Flint Ridge cave 
system. One of the deepest-known caves is 
the Gouffre de la Pierre St Martin in the west 
ern Pyrenees in France, which drops 1,174m 
(3,850ft). The largest underground chamber 
is the Big Room in the Carlsbad Caverns 
New Mexico, Ata depth of 400m (1,320ft). 
the Big Room is 1,300m (4,270ft) long 
100m (328ft) high and 200m (656ft) wide 


world’s most e: 


Features of caves 
Limestone caves contain many features 
formed from deposits of calcium carbonate, 
including icicle-like stalactites [6] and pillar 

like stalagmites [5]. Stalactites develop when 
water that is highly charged with dissolved 
calcium bicarbonate seeps through holes i 

the roofs of caves. Drops of water that hang 
on the roof are partly evaporated and a tiny 
quantity of calcium carbonate is precipitated 
and sticks to the roof. Another drop of water 
deposits a second film of calcium carbonate 
in the same place and 
slowly develop. 


n this way, stalactites 


dry chimneys. Gours 
[4] are ridges tormed — mon. Asiphon [12] 
as carbonate is pre occurs where the root 
cipitated from turbu- _is below water. 
lent water. Streams Streams reappe: 
flow at the lowest at resurgences 
Jovel of the galleries 20], Abandoned 
(17], Abandoned resurgences [19] may 


gallories [13] are com: 


CONNECTIONS 


See.aieo 


provide entrances 
to caves. Stalactites 
[6] include macaroni 
stalactites (6], curtain 
stalactites or drapes 
[M1] and eccentric 
stalactites {16}, formed 
by water being blown 
sideways. Stalagmites 
[14] sometimes have 
a fir-cone shape [15] 
caused by splashing 
or resemble stacked 
plates [8]. Stalactites 
and stalagmites 

may merge to form 
columns [10]. Signs of 
ancient man (18) have 
been found in caves 
and blind white fish 
tive in the pools (9 


water that fal 


on the floor may 


partly evaporated, leaving small 
P P 

alcium carbonate that grow 

to stalagmites, Often it is the 


impact of the drop hitting the floor that fo! 


the carbonate out of solution, The splashing 


of the water can give rise to stalagmites that 


Stalactites and 
meet to fc 


talagmites sometime m a con 


ous column [6] 


The growth of stalactites and st 


agmites 
is usually extremely slow, Some take 4,000 
ears to increase by only 2.5em (lin) in 


length. However, stalactites in Ingleborough 


Cave, Yorkshire, have been known to 


increase by 7.6cm (3in) in ten years, 
Another deposit, caused by water sei 


through a long crack in the roof of acave, isa 


wavy band of calcium carbonate which grows 
like a fringed curtain. 


wall or across floor of 


across the ceiling 


Water flowing down 


a cave may build up a flowstone. Delicate 
thread- or finger-like formations called helic 
tites sometimes jut out from a stalactite 
Their origin is the subject of dispute. On the 
roofs of some caves are anthodites, which are 


branching, flower-like formations, In its pure 


tate, calcium carbonate is transparent or 
white, but these and other cave features a 
often coloured by impurities 


Life in caves 
Caves harbour a variety of animal life spe 
ially adapted to the dark 
including blind, 


environment 


t shrimps, worms, mites, insects and sight 
less newts, often called blind fish, These crea. 
Bats, alse 


systems, have weak eyes and 


tures live permanently in caves 


:ommon in cav 


depend mainly 
guide them through 
night hundred: 
from the Carlsbad Caverns in New Mexico 
Within 15 minutes 


on their sonar ste 
dark Every 


of thousands of bats emerge 


tunnels, 
surtace, Some sink 
holes are connected to 
the caves by vertical 
chimneys. The under 
ground caves are in 


The Mammoth Caves 
ntucky comprise 
the warld’s largest 

underground c 
work. The Mammoth 


Into rivers, which 
finally emerge in 

to the open at the base 
of the plateau, inthe 
Echo River valley. 


ht of the caverns is the “ue 


Pecos valley, where the bats feed on insec 


returning to the caves shortly before dawn, Cave National tentinked by a maze of This system is 
portant consists of a lime passages. The Great typical of the arrange 
In prehistoric times the most important Seomurcralime: | passages. The < AG 


ment of gall 


inhabitant of caves was man. Archaeologists surfaces pitted by has morethan 48km caverns and pot holes 


have found many traces of man's occupation more than 60,000 sink: (30 miles} of con found in many lime 
or swallow-holes tinuous passages. In stone areas where 
201s, bones, hearths and, usually well L 1 
seth : Surface water dr the caves. water seep- acidic water has 
ide the caves, rock paintings which May nto tho sink-holes that ing through me —_ Seaped into the rock 
have had ritual or magical significance link the caves to the stone rock co and dissolved it 


3 Gours are formed 
when carbonate-rich 
waters flow 


5 Stalagmites build 
upwards from the 
floor of a cave. They 


4 Balcony stalactites 
are formed by water 
dripping from the 


regular surface side of cave wall are generally shorter 
The turbulence de. They are called and thicker than sta . 
positscaiciteonthe _ stalactites because actites, The tallest known . 


irregularities they grow down: stalagmite is 29m (95ft) 


which grow into a wards, but ordinary high. in the 
Series of ridges per stalactites hang from — Aven Armand Cave, 
petuating the process the roof of a cave. in Lozére, France. 


6 Stalactites, stal- 
agmites and columns 
of calcium carbonate 
are pr 

cave. The columns 
are formed when stal 
actites and stalag: 
mites meet. Stalac 
tite 

structures and, as 
they easily break off, 
do not usually grow to 
great lengths. The 
longest known stalac. 
tite is supported by 

a wall in the Cueva de 
Nerja, near Malaga 
in Spain, Itis 59m 
(195ft) long and ex 
tends fram the root 
down to the floor 


ent in this 


are fragile 


7 Apot-holer climbs 
down a wire ladder 
into acave. He 
wears a protective 
heimet with a caicium 
carbide lamp. A\ 
his equipment must be 
psible to enable 
him to transport it 
through the confined 
Spaces that he 

will encounter 


a 


Rivers and lakes 


When rain falls on the ground it is either 
absorbed in the soil or runs downhill over the 
surface in small temporary gullies called rills. 
These unite to form a stream. Other streams 
start from springs, where water that has sunk 
into the ground comes to the surface, or from 
melting glaciers, Streams and rivers usually 
begin in mountains or hills and the down: 
wards pull of gravity gives them energy to cut 
away the land and form valleys. 


Erosion and transportation 

The stones and sand formed by erosion of the 
Tock are transported downstream and are 
finally deposited at the mouth of the river 
Erosion, transportation and deposition are 
the main work of a river and most rivers can 
be divided into three sections: an upper 
course in which erosion dominates; a middle 
one where transportation occurs; and a lower 
‘one where deposition takes place [1] 

Stream water erodes in two ways: chemi- 
cally and physically. Weak acids such as ca 
bonic and humic acids in the water help to 
decompose limestone and other rocks. The 
ability of & stream to erode mechanically is 


1 A 


Catchment area 


2 Mountain streams 
are fed by rlls 
meeting in catchment 
areas to form 
gullies which carry 
fast-flowing water 
to the main valley, 
Here velocity 
decreases and sedi 
ment is deposited 
as an alluvial fan 


3 Pot-holes occur in 
the beds of swift 
rivers or streams. 

Hfa small depression 
is formed in the 
stream bed a pebble 
may be caught in it 
and swirled around by 
the water, enlarging 
the depression into 
a circular pot-hole. 
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closely related to its speed. During normal 
flow little physical erosion takes place, but 
during flood the movement of water becomes 
turbulent and this causes eddies which in turn 
cause rapid changes in the pressure on the 
rocks. Sometimes the pressure is so low that a 
vacuum is formed on a small part of the 
stream bed; as the eddy changes this vacuum 
implodes (collapses inwards). Much of the 
babble of a brook is the sound of implosions. 
Repeated implosions cause part of the rock 
to be sucked into the stream and carried 
away. Erosion mainly takes place at this si 
by stones banging into the stream bed 
sides and so wearing them away. During the 
Process the stones are broken up into smaller 
pebbles, so that the boulders in the upper 
course of the stream provide the sand grains 
that are present in the lower course 

The faster the stream flows the larger the 
fragments it can carry. It can also carry more 
of them. This is why most erosion and 
transportation occurs during floods, The 
finest particles are carried in suspension, kept 
up by the turbulent motion of the water. 
Eddies bounce the sand from the bottom and 


1 Ariver changes 
from a small stream 
inthe mountains to 
a slow meandering 


it is carried downstream a small distance by 
the current before it falls to the bottom again, 
Coarser material is rolled along the bed 


Deposition of sediment 
As the river enters more gentle slopes, some 
of its sediment is dropped. Where there is a 
sudden change in gradient and therefore 
water speed, as when a river leaves the moun- 
tains and runs out onto a plain, nearly all the 
sediment will be dropped, forming an alluvial 
fan [2]. More usually the material is de- 
posited en route as the river current slows up 
The coarsest sediment is dropped first 
During a flood, however, river water 
moves at different speeds. In the 
channel the current is fast moving, but where 
the river spreads over its banks on to the sur- 
rounding land (the flood plain) the current 
slows down and mud and very fine sand are 
deposited as the water leaves its channel 
This forms a ridge or levee along each bank 
The long profile of a river [Key]-the plot 
of the elevation of the river against distance 
travelled with asuitable vertical exaggeration 
to show significant features ~ is theoretically 


c 


river near the sea, 
The course of the 
river is divided in. 
to three stages. In its 


upper course [A] the 
river is fast flowing 


the rocks. In its 


5 San Juan Ri 
Utah 1941 


Norma 


14 October 


Alluvial fan 


Main valley 


Surface raised 45m 


Bod scoured 
and lowered 1m 


26 October 
Surtace lowering 


Bed filling 


4 Availley is formed 
by two processes. The 
fiver cuts downwards. 
taking out a narrow 
slice of rock immed 
iately below its bod 
to form a V-shape 

[A], Weathering 
widens the valley by 
changing the rocks 
forming the sides, 


to soil (8). As the 
velocity of water de: 
creases, lateral 
erosion widens the 
valley floor {C, D} 

In its advanced stage 
[E] the river flows 
slowly through a flat 
plain with deposited 
material forming 
levees or dikes, 


5 Rivers in their 
lower courses run 
over deep channels 
cut in the bedrock, 
These channels are 
normally filled with 
sand and the river 
runs ina shallow 
channel on top. Dur 
Ing floods the river 


and able to wear away 


CONNECTIONS 
See also 
aris water supply 


erat 


middle section [B) it 
flows slowly and cai 
Fes sediment to 

the lower section [C} 


deepens its channel 
by moving the sand 
below it. Only during 
the largest flood is 

the river able to 

scour the rock bottom. 
In a large flood the 
river may be ten times 
deeper and carry 

100 times more water. 


a part of a hyperbola, being steepest at the 
source and flattening at the mouth, This isan 
equilibrium curve towards which the stream 
tends to adjust its gradient, digging into its 
bed and removing material from the upper 
course and depositing it as the speed drops 
the lower. However, this is highly idealized 
and in practice any number of factors can 
affect it ~ differences in rock types in the river 
bed and the addition of from 
tributaries, for example, may produce many 
irregularities in the hyperbola profile. 


water 


The course of a river 

Stream beds in their upper section are often 
bare rock patchily covered by pebbles. Here 
the stream has greatest capacity to erode and 
transport farther downstream all but the 
largest stones. The valley in the upper course 
has steep sides and a V-shaped cross-section 
and most pools, rapids, waterfalls (6] and 
pot-holes [3] occur here, caused by the 
stream wearing away softer rock more 
quickly than hard rock, This results in rapids 
such as the cataracts of the Nile, and where a 
river flows from a hard bed of rock to a soft 


7 Meanders occur 
where the slope is 
shallow, Ina river 
bend, the water flows 
more slowly along the 


inner bank, deposit 
ing sediments and 
building up the bank. 
but flows faster along 
the outer bank, erod: 
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] 
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9 A terrace is a flat 
strip of land along 
the valley side just 
above the floodplain. 
Aterrace is formed 


when the land is up: 
lifted or the sea 
level drops (B] and 
the river begins to 
cut into its flood- 


one the latter will be eroded away and a 
waterfall will be formed as a result 

In the middle section most of the 
irregularities have been worn away, allowing 
the river fo flow freely in a fairly flat channel 
The current is just strong enough to carry 
most of the sediment supplied to it from 
higher up. It does not erode downwards and 
most of the time runs on its own sediment 

In the lower section the river has a very 
low gradient, often less than 10cm per 
kilometre (2in per mile). It flows across a 
broad floodplain. Where the river is flowing 
slowly, it cannot move stones, even in flood. 
but because it is large it is able to move a huge 
amount of fine material. The Mississippi car 
ies about 500 million tonnes of fine sand and 
mud past New Orleans cach year, The river 
there meanders over a thick layer of its own 
ment [7] 

When the river reaches the sea the sedi 
ment it is carrying is deposited, In som 
tidal currents are strong enough to remove it 
and the river ends in an estuary. Where more 
sediment is brought down than can be 
removed by the sea a delta is formed [10] 


ing it away. Thus 
the meander becomes 
‘more pronounced [A, 
8, C] until the arms 
intersect, allowing 


the flow to take a 
shorter route [D] 
The abandoned arm 
silts up [0], forming 
an oxbow iake [E}. 


plain [1] and forms 

a new one [2] at a 
lower level. The 

old floodplain 
becomes a terrace [3] 


Another uplift (C] 
would cause a new 
terrace [4]. (AJ repre- 
sents the river 
valley before uplift. 


Ariver conforms 
roughly to a convex 
upward curve 

that is nearly flat 
near the sea and gets 


8 In its middle stage 
4 river flows through 
gently sloping areas. 
its eroding and trans. 
porting powers are 
considerably reduced 
and it runs over a 
broad flat valley 
bottom formed by 

its own deposits of 
alluvium, Erosion 
takes place only du 
ring floods. The river 
meanders [2] andthe 
beginnings of flood: 
plains [1] and levees 
[3] are evident, An ox 
bow is shown inthe 
process of formation 
{5} by the river cutting 
through a meander (4] 


10 


Natural obstruction renewing 


the graded profile 


steeper and more 
curved inland. This 
shape is called 3 
graded profile 
Waterfalls, lakes 


6 Pools and wat 
falls are both caused 
by hard bands of 

rock spanning the 
river bed. The softer 
rocks below # poo! 
have been eroded 
away leaving a hollow 
and the hard rock 
stands up like a dam, 
Lakes are usually 
caused by landslides 
blocking the course of 
the river or by ice 
(during the Ice 

Age) scraping deep 
hollows. The lakes in 
the English Lake 
District and the 

Great Lakes of 
America are hollows: 


and deltas may vary 
the shape of the 
stream bed without 
fundamentally 
altering the profile 


left by the ice. Other 
large lakes such as 
those of East Africa 
were caused by earth 
movements. Water 
flowing over a hard 
bed erodes the softer 
beds below, causing 
a waterfall with o 
plunge poo! beneath, 
Overtime, erosion 
causes the face of 
the waterfall to re: 
treat, leaving a 
gorge downstream 
of it. Niagara Falls 

is formad from a 
hard bed of nearly 
level rock and has a 
gorge 10.4km (6.5 
miles) long below (t 


10 A delta is formed 
where a river enters 
the sea or a lake. 
Here all the sediment 
is dropped, form 

ing a huge, gently 
sloping mound on the 
sea-floor. This 
builds up, causing 
the river to flow 

‘over it to get to 

the sea, The 

river branches into 
separate streams 
called distributaries. 
Deltas are found at 
the mouths of such 
rivers as the Nile, 
Mississippi and 
Ganges, Some rivers 
have no deltas as sea 
currents carry away 
the rivers’ sediments. 
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Land sculptured by rivers 


Heavy and prolonged rain may make level 
ground waterlogged. But once the rain has 
stopped, the ground will dry out as the water 
sinks into it. In hot weather standing water 
will evaporate and plants will absorb water 
through their roots, transpiring it from their 
leaves. Sloping ground drains quickly, for the 
water that cannot sink into the ground flows 
downhill in rills, then in streams and finally in 
rivers. That part of the rain that has perco- 
lated into the ground will emerge later, at a 
lower level in the terrain, as a spring and flow 
away as a stream or river 


Erosion of the land 
Water moving downhill will carry with it any 
particles that it can move. So moving water 
Wears away ~ erodes ~ the ground over which 
it flows, In the course of time rivers have 
sculptured out their valleys in this way 

In some areas man’s activities have 
greatly increased the erosive effects of rain 
fall. Too intensive cultivation of southern 
areas of the United States in the 1700s broke 
up the protective cover of vegetation that the 
settlers found there, Heavy rains, falling on 


1 The rock formation 
of @ hillside will be 
gradually broken 
down into stones and 
finally soil by water, 
wind, chemicals 

and changing temp- 
This loose 
will move 
downhill under the 


force of gravity, 
Slopes often show 
signs of such soil 
creep, the commonest 
indication being terra: 


like sheep tracks 
across them. Other 


the cleared ground, ripped out rills that 
quickly widened and deepened into a mosaic 
of gullies. Strong winds, blowing away the 
soil, hastened the development of such areas, 
known as “badlands” (5] 


Landforms and drainage pattern 

As soon as an area of the earth's crust is 
uplifted above sea-level, the process of ero- 
sion begins. The rain falling on it will develop 
a river system. The rivers will deepen and 
widen their valleys until in the course of time 
the whole area is reduced to a low surface - 
assuming, that is, that there has been no 
further uplift to rejuvenate the drainage and 
start a new episode of vigorous downcutting 
The inner gorge or canyon of the Colorado 
River was cut intoa much wider, older valley 
The drainage pattern and the landforms pro- 
duced are determined by the composition 
and disposition (structure) of the underlying 
rocks [10] 

Rivers will quickly emphasize any differ- 
ences in the hardness of the rocks over which 
they flow. In their upper reaches, the more 
resistant bands of rock form waterfalls and 


| 
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signs are leaning 2 Many slopes have 
walls (2), trees with characteristic shape 
bent trunks [3], a consisting of a 


much higher level 
of soil on the 


slope (1), the 
@ [2] where 
bare rock outcrops, 
scree slope [3] where 
debris is piled, and 
waning slope [4], res. 
ulting from erosion, 


tical strata curled 
‘over where it h 
been exposed [5] 


4 The river erosion 5 When rivers have 
of an area involves deeply dissected a 
several stages. plateau, their valleys 


Anewly raised pla. 
is usually quite 
the rivers cut 
into itto form deep 
gorges. The picture 
shows the Blue Nile, 
which is cutting 
downwards through 
the African plateau. 


widen 80 much that 
the plateau areas 
between are reduced 
to isolated peaks. As 
this picture of the US. 
Bad Lands shows, 

the peaks tend to be 
the same height — that 
of the original surface 


rapids in the narrower parts of the valley. If 
the rocks are lying horizontally, the topo- 
graphy developed is characterized by flat- 
topped hills (7]. But if the beds are tilted, 
scarpland topography is produced, in which 
the more resistant layers form cuestas whose 
steeper sides face up the inclination (dip) of 
the rocks and vales are worn out on the out- 
crop (strike) of the softer beds [8]. The tre! 
lised drainage pattern may undergo minor 
changes. A particular river, perhaps because 
it has more powerful springs at its source, or 
greater runoff from the valley sides, or a 
shorter course to the sea, may cut down the 
level of its valley floor more quickly than its 
neighbour and eventually capture it [11] 

In areas of gently folded rocks, inverted 
relief may develop, the river valleys being 
eroded along the line of the upfolds (anti- 
clines), while downfolds (synclines) underlie 
the higher ground [9]. Snowdon in North 
Wales is an example of a synclinal mountain 

Where the beds are more tightly folded, 
or where near-vertical bodies of igneous rock 
have been intruded into gently dipping strata, 
hogsback ridges, steep on both sides, will be 


3 Earth pillars are 
formed where large 
rocks occur inthe 
soil [A]. These shel 
tor the underlying 
soil from erosion and 
form pillars [B, C 
‘Once the stone hi 
fallen [D] the soil is 
easily washod away. 


6 The ultimate stage 
in river erosion is 
the penepiain— a 
flat area of land from 
which most tr 
of the original pl 
‘eau have disappeared 
In the state of Utah, 
inthe USA the 

desert floor is a good 
example of a well: 
eroded peneplain 


CONNECTIONS: 


See also 
m3 water supply 


produced, while the rivers will erode belts of 
Weaker strata or the line of faults. The Great 
Glen cut through the Highlands of Scotland 
from Fort William to Inverness is an example 
of such a fault-guided valley, but glacial ero- 
sion has greatly deepened the valley that had 
been cut by rivers in pre-glacial times. 


Superimposed drainage 

Not all river systems are clearly related to the 
geological structure of the area across which 
they are now flowing, The drainage system of 
the English Lake District is clearly radial in 
plan, but the strike of the lower Palaeozoic 
rocks (570-395 million years old) runs 
southwest to northeast. Surrounding the 
Lake District is a ring of gently outwardly 
dipping upper Palaeozoic (395-225 million 
years old) strata. The present drainage 
system must have originated when these 
upper Palaeozoic rocks Were uplifted to form 
a dome. Millions of years of erosion have 
removed all trace of these rocks and the 
drainage of the Lake District is now superim 
posed on the lower Palaeozoic rocks of diffe- 
rent structure. In the future, the rivers will 


7 In an area under- 
tain by horizontally 
bedded rocks, rivers 
follow a dendritic 
tern. Their val 
YB are often stoop 
sided but stepped 


resistant beds. Mes: 
nolated tablelands — 
may form, which 

may then be eroded 
to narrower buttes, 
Landscapes of hori- 
zontally bedded rocks 
are more distinctive in 
arid regions where 
rain falls in sharp 


gradually change and adjust to this structure 

More extreme superimposition, some- 
times called antecedent drainage. is found 
in India, where the River Brahmaputra has 
flowed from the Asian plateau to the Indian 
Ocean since early Tertiary times (about 60 
million years ago), before the formation of 
the Himalayan mountain chains. But their 
rate of uplift was slow enough for the river to 
maintain its course across the rising moun- 
tains and now it flows through them in 
stupendous gorges, 

In many limestone areas, including chalk 
downlands, there is a complete valley system, 
but most of the valleys are now dry with no 
flowing streams in them. Limestone is a 
highly permeable rock, so that any rain 
quickly seeps into it to add to the ground 
water at depth. That is the position under the 
Present climatic conditions, but in the past 
rainfall may have been much greater. The 
level of the ground water would then rise and 
springs break out higher up the valley sides 
During glacial episodes, rainfall or meltwater 
could not seep into the frozen ground, but 
must have flowed away, carving the valleys 


8 Sedimentary rocks 
laid down in horizon 
layers are often 
tilted by later earth 
movements. Main 
rivers flow down the 
slope (dip) of the 
beds and erosion 
etches out the dif 
ference in hardness 
of the rocks to pro- 
duce scarpland top- 
ography, Tributary 
rivers flow along the 
strike vales (running 
at right-angles to 


bursts causing the 
rivers to swell to 
raging torrents. Fi 
tures of such a land 
scape are: [1] mesa; 
[2] butte; [3] water 

fall; [4] canyon; (5) 

ids; [6] weak 
and [7] more 
resistant strata, 


10 The pattern of 
river and its tribu- 
taries is related to 

the rocks on which 

it formed of now 
flows. On rocks of 
equal resistance, a 
dendritic drainage 
pattern [A] develops. 
In areas of alternating 
hard and soft rock, 
the stream follows the 
soft rock, forming @ 
trellis [B]. A radial 
river pattern forms 
on volcanoes and 
rock domes |C} 


11 River capture is 
the result of one 
stream [1] eroding the 
land at its source, 
Inthe process this 
stream eats into the 
catchment area of 

a lesser stream (2) 
and eventually drains 
itcomplotaly. This 
leaves a large stream 
with a sharp elbow 

of capture and a 
small “misfit” stream 
running through a 
large valley (3) 


Landforms are the 
result of two con- 
flicting processes, 
Movement deep within 
the earth may uplift 
areas of the crust 


the dip of the rocks) 
‘on the outcrop of 
softer beds (1), 
while harder rocks 
[2] are weathered to 
form features called 

2 [3] with a 
steep scarp face and a 
gentle dip slope paral 
lol to the dip of the 
beds. An intrusion of 
steeply dipping re- 
sistant rocks forms 
‘a hogsback [4], 


while weathering and 
erosion continually 
‘sculpture the sur: 

face of the land, 
wearing it down again, 
The shapes of individ- 


Tt 
ior 


ual hills depends on 
the climate, the struc 
ture of the rock and 
the rate of the | 
eral and also the 
longitudinal erosion, 


9 In folded-rock 
areas erosion attacks 
the raised anticlin« 
[1] more readily than 
the trough-like syn 
clines [2] because anti- 
clinal flexing of rocks 
tends to form cracks 
‘open to the weather. 

If this process goes 
far enough, the 

result is an inverted 
relief where the 
deeper valleys follow 
the anticlines [3] and 
the former troughs 
form the summits (4] 


is} 
it 
a 


Rivers of ice 


Ten per cent of the earth's land surface is 
covered by glaciers, the relentless and irresis- 
tible rivers of ice that are the sculptors of 
dramatic landscape — the peaks and valleys of 
the high mountains, the fiords and sea lochs 
of northwestern Europe, of Greenland, 
Canada, Chile and New Zealand. Many 
existing landforms were created by the action 
of ice (which both destroys old features and 
creates new ones) during the ice age of the 
Pleistocene, when as much as 30 per cent of 
the land surface was glaciated. 

Glaciers are formed wherever there is 
perpetual snow; in other words, they are 
found in polar regions and on high moun- 
tains. As the snow accumulates year after 
r the older layers are compressed into a 
granular mass called névé, which later 
becomes firn when all air is expelled from it, 
Under the force of gravity this mass starts t0 
move down the slope. As it docs so it 


becomes further compacted into clear. com. 
pressed glacier ice. 

‘There are three main types of glaciers: the 
mountain or valley glaciers, which have their 
sources in the mountains above the snow 


1 Birthplace of the 
valley glacier isthe 
cirque where pe 
ennial snow gathers 
asnévéand iscom- 
pressedtofirn. Pull: 
ing away from the val 
ley head, the glacier 
forms a crevasse, the 
bergsehrund. The ice 
flows fastest at 


the surface along 
the glaciers axis. 
This, with irregul 
ities of the gla- 
cier bed, cr 


Glaciers carve the 
mountainsinto 


aq 


line; the piedmont glaciers, formed by the 
joining of valley glaciers as they spread out at 
the foot of the mountains; and finally the ice 
caps, which spread over their source arca. 


‘The movement of mountain glaciers 
In 1788 the Swiss physicist Horace de Saus- 
sure (1740-99) lost an iron ladder on an 
Alpine glacier. It was found, 44 years later, 
4,350m (14.250ft) lower down, thus demon- 
strating glacial movement 

Ice is a crystalline solid, but it can deform 
and flow when subjected to a sustained 
pressure. In glaciers this occurs by slippage of 
the ice crystals, which are lubricated along 
their boundaries by a thin layer of liquid 
water melted by the pressure: The downward 
motion [2] of the glacier can be scen at its 
very top, where it is separated from the 
permanent snow by a deep crevasse known as 
the bergschrund, Lower down, the move- 
ment can be observed by taking sights from 
fixed points on the mountainside along rows 
of stakes planted across the glacier. These 
also show the differential movement of the 
ice, for a glacier moves faster in its centre 
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peaks or horns, and 


valleys into steep- the latter “hanging” 


sided troughs. and often draining by 
U-shaped valleys, awatertall. The 
where gla toad of moraine 


flowed, have floors 
that are deeper than 
those of tributary 
valleys, leaving 


(rock debris) carried 
‘away by the glacier 
deposited atits 
smoutis called till 


The glacier meits on 
the surface along its 
lower section. The 
amount of melting 
can be judged from 
the height of the 
Glacier tables — 
unmelted ice pin 


than it does along its edges, where it is slowed 
by friction. Along a vertical section the speed 
is fastest on the surface slab, which behaves in 
a rigid fashion (it breaks, forming crevasses) 
[4], and the speed decreases towards the 
bottom. Longitudinal crevasses appear in the 
surface slab owing to the increasing rate of 
flow towards the axis of the glacier tongue or 
owing to the widening of the glacier: trans- 
verse crevasses are formed where the slope 
suddenly increases. Where transverse and 
longitudinal crevasses intersect, a spectacular 
ice topography of blocks or pinnacles of ice 
known as s¢racs is created. 

The rate of movement of a glacier varies 
considerably and is dependent on the slope, 
thickness, cross-sectional area, roughness of 
the bottom and the temperature. Rates can 
vary from a few centimetres a day to several 
hundred — 66m (216ft) in the case of an 
Alaskan glacier 

A glacier can be divided into an upper 
section, where the temperature prevents 
melting and more ice is formed, and a lower 
section where the temperature is higher and 
ice is lost through melting, A steady rate is 


1 Fim 12 Ablation moraine 
2 Boraserrund 13 Usshapad valley, 

3 Ciaque 14 Glacial table 

= Nove 15 Ice-dammed lake 
5 Pyramidal poak 16 Truncated spur 

6 Avilanche 17 Hooging valley 

7 Fun line 18 Transverse crevasse 
8 Marginal crovasse 19 Strac 

DANO 20 lew fall 
10 Laterat moraine 21 Englacial moraine 
11 Modial moraine 22 Subglacial mataine 
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nacles shaped by a 
moraine boulder 
Meltwaters form sub- 


itlong, winding 
piles of rubble called 
eskers under the snout 
Other material under 


CONNECTIONS 
See nino 

lon ch0s ard ice 
ages 

mauniaine 


23 Striations 
24 Crag and rail 

25 Racha moutonnée 
26 Sinkhole 

27 Torminal moraine 

2B Moltwater tunnel 

29 Esker 

30 Outwash fan 

31 Kattlehole 

32 Drumling 


the ice forms drumiins 
and terminal moraines 
‘are deposited by 
retreating glaciers 
while stationary 


2 The materialins 
Glacier moves con: 
stantly downhill 
The position of the 
glacial snout, how- 
ever, may move 
downhill [A}, remain 
stationary (B] or 
move uphill (C] de: 
pending onthe rate 
of melting of the 

ice [2] compared with 
the rate at which 
itaccretes [1] 


achieved when the accretion of ice in the 
upper section roughly balances that lost 
lower down. In these conditions the foot of 
the stationary. If the climate 
becomes cooler, the foot of the glacier 
advances until a new state of equilibrium is 
reached; under warmer conditions the foot of 
the glacier retreats to an equilibrium 


glacier is 


Erosion and transport 
A glacier is one of the most powerful agents 
of erosion. Its ice erodes by abrasion and by 
plucking away at the bedrock. Blocks 
embedded in the ice are scraped along the 
bottom, producing grooved (striated) rocks, 
and resistant rocks are polished into roches 
moutonnées. The source area is enlarged 
into an amphitheatre known as a cirque or 
corri¢, and where two such cirques meet they 
are separated by a sharp ridge called an aréte. 
Three cirques overlapping produce at their 
centre a pyramidal peak or horn, of which a 
classic example is the Matterhorn [Key] on 
the Swiss-Italian border, Mountain glaciers 
carve their valleys into deep U-shaped 
troughs; bigger glaciers have deeper valleys 


3 One of Europe's 
biggest glaciers is the 
Mer de Glace 

inthe Mont Blane 
massif, itis 13km 

(8 miles) long and 
2km (1.2 miles) wide, 
with a thickness 

of 150m (500K), 

Itis formed by the 
joining of the 

Taléfre, Leschaux and 
Géant glaciers, which 
inturn have several 
smaller tributaries 
Crevasses and sur. 
face moraines are 
conspicuous in this 
picture, plus a small 
cirque (with its néve) 
inthe background, 


5 Ice caves in gla: 
clors may be formed 
by incompletely clos: 
ed crevasses, bythe 
margins of the gla- 
cier when it skirts 
around an obstruc: 
tion or by meltwaters, 
ice melting onthe 
surface drains into 
crevasses. When a cre: 
vasse closes through 
ice movement, the 
drain hole is main: 
tained by the water 
and forms a smooth 
sided well, Melt: 
waters running be 
neath the glacier 
can form anetwork 
of caves and tunnels, 


6 Moraine is glacier 
borne debris -the 
rocks. gravel and 

silt carried by the 
rivers of ice. Itis 

also used to des 
cribe the material 
once deposited by 
the melting ice. 

The terminal moraine 
atthe snout of the 
glacierillustrated 
shows the large 
volume of ungraded 
matter which ranges 
insizefrom huge 
boulders to fine pow 
ders produced by 
rocks grinding to 
gethor. This lack of 
Grading distinguishes 
glacial deposits from 
those of rivers. 


than their smaller affluents, giving rise to 
“hanging” valleys after the glaciers have 
disappeared, 

Glaciers can carry huge loads of debris or 
moraine [6]. Rocks falling from above on to 
the sides of a glacier form lateral moraines 
and where two glaciers converge the inner 
lateral moraines merge to form a medial 
moraine. Some debris falls into cre 
form an englacial moraine and can work its 
way down to the rocks plucked off the bed 
and become part of the subglacial moraine 


Ses to 


Glacial deposits 
The glacier's debris is eventually deposited at 
its foot, forming the terminal moraine which 
is made of totally ungraded material ranging 
from clay to huge boulders. If the glacier 
retreats, the abandoned frontal moraine 
often makes a dam retaining a lake and other 
lakes appear in the hard-rock depressions 
carved by the glacier. Rapidly retreating 
glaciers dump their loads as they go, leaving 
large rocks as clues to their former size; they 
also give characteristic and valuable informa 
tion about former ice ages. 


4 The great mass of a 
glacier flows ina 
plastic manner, but 
its surface layers 

are always rigid and 
brittle. Asacon 
sequence, whenever 
aglacier flows 
round a corner or 
over ahump, or 
changes its speed, 
cracks called 
crevasses app 
onthe surface at 
points of tension 
and wrinkles or 
pressure ridges 

are seen at points 

of compression, 

The alignment of 
these depends on 
the direction in 
which the pressure 
acts; they appear 

in parallel swarms 
Two different 

sets of pressures 
may produce inter 
secting swarms, leav: 
ing tall pinnacles 

of ice-séracs 
between them 


7 Fiords are charac 
teristic of recently 
glaciated coasts such 
as those of western 
Scotiand, Norway, 
southern Chile, 

British Columbia, 
southern New Zealand 
and Greentand. They 
are long and narrow 
inlets, steep-sided and 
often very deep. The 


deepest in the world 
isin Chile, with 

a depth of 1,.288m, 
(4,225ft); the Sogne 
Tiord in Norway is 
the deepest in Europe 
measuring 1,210m 
(3,969). Shown 
here is Hardanger 
fiord, also in Nor. 
way. The fiords were 
the sites of large 


Europe's most photo- 
genic mountain, the 
Matterhorn, was car- 
ved by glaciers into 
its pyramidal shape. 


valley glaciers during 
thelce Age. The 
reason they have been 
gouged out to such 
Great depths is that 
glaciers descended to 
the sea-level which 
was then very much 
lower than at present 
owing tothe large 
amount of water lock 
edintothe ice caps 
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Ice caps and ice ages 


‘The polar ice caps hold just over two percent 
of the earth's water; a small amount com- 
pared to the oceans (97.2 per cent) but suffi- 
cient to raise the level of the oceans by some 
40m (130ft) if they were to melt. 

Apart from their size, ice caps differ from 
mountain glaciers in that they flow outwards 
in all directions from their centres. The 
largest ive caps are referred to as ice sheets; 
only two exist nowadays, in Antarctica [2] 
and in Greenland, 


The polar ice sheets 

The Greenland ice sheet occupies 1,740,000 
square kilometres (670,000 square miles), 80 
Per cent of the island's area, and hasa volume 
of 2,800,000 cubic kilometres (672,000 
cubic miles). Its average thickness is 1,6km 
(1 mile) and it reaches as much as 3km 
(1.9 miles) at the centre. 

‘The Antarctic ice sheet has an area about 
one and a half times as large as the USA ~ 13 
million square kilometres (5 million square 
miles), and it holds nine times more ice than 
the Greenland ice sheet, 25 million cubic 
kilometres (6 million cubic miles). The ice 


thickness reaches up to 4km (2.5 miles). This 
mass flows north and reaches the sea through 
outlet glaciers and ice shelves that are 
floating extensions of the ice sheet, The 
shorelines of the shelves are constantly 
moving, shedding huge tabular icebergs that 
are sometimes known as ice islands, 


Successive ice ages 

The Greenland and Antarctic ice sheets are 
the last remnants of an ice age that ended, 
for the mid-latitudes, about 12,000 years 
ago. Features such as vast amounts of coarse 
sediments (now referred to as drift), erratic 
boulders, river terraces and raised beaches 
had been noted by the carly geologists but 
they were ascribed to the biblical Flood 
(“Diluvian™ deposits). It was not until the 
mid-nineteenth century that there was wide- 
spread belief in the Ice Age. 

During the past two million years there 
have been five major glacial advances and 
five glacial retreats, the last of these being our 
present period, the Holocene [1]. 

Large ice sheets covered the northern 
continents; most of the British Isles, the 


North Sea, The Netherlands, northern Ger- 
many and Russia were part of an ice sheet 
centred on Scandinavia and the Baltic, while 
‘mountain glaciers descended from the Alps 
and the Pyrenees. Siberia and Kamchatka 
were glaciated, as well as mountains to the 
south, and in North America the sheet 
reached Montana, Illinois and New Jersey, 
and the Rockies had extensive mountain 
glaciers. There was also an ice sheet covering 
Argentina up to a latitude of 40°S, large 
glaciers over the Andes and an ice cap over 
New Zealand, 

The chronology of the periods of glacial 
advance and retreat is established by the 
study of periglacial lake sediments (forming 
annual layers known as varves), of fossil pol- 
Jens of plants (showing the climatic condi- 
tions), of fossil soils between two glacial 
layers, and of ancient beaches and river ter- 
races which reflect former sea-levels. Other 
dating techniques involve radio-isotopes and 
tree rings, while micro-fossils in deep-sea 
sediments and oxygen isotopic ratios from 
marine fossils provide clues to the then pre- 
vailing temperatures, 
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2 Continentatice rugged and variable 
sheets arenowfound — inheight. Because 
only in Antarctica of the weight of the 
and Greenland. In ice, about 40% of the 
Antarctica the ice landis depressed 
[covers not only below sea-level. if 
theland|2)butalso —_—theice weretomelt, 
Permanently frozen there would be agrad- 
‘s0a(3),Beneaththe ——_ualrising of the 
lee the terrain is land, justasthe 

1 Thelastice age, 3 During theice 3 

the Pleistocene, ‘ages, much of north- 

consistedof several ern Europe and North 

periods of glaciation Americalooked 

Separated by inter- like Antarctica 


glacial periods of 

mild climates. The 
earliest traces of the 
glacial advance have 
been foundin Europe 
in sediments 2,500,000 


le 
world. Antarctica 
contains 90% of the 
world’s ice andis the 
only continent with- 


years old, and rep- out an indigenous 
resent the Donau human population. 
glacial stage. This Itis protected from 
wasfollowed bythe land grabs both by 
Giinz(equivalentto _itsclimate and by 
the Nebraskan inthe _ international treaties. 
American system), ‘The only human: 
the Mindel (Kansan), —_beings are found 
the Riss (Illinoian) in scattered scien- 
and the four glacial tific stations provi- 
stages ofthe 


Warm (Winconsin) 
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See nino 

Rivers of ice 

Ennis water supply 
Continants vi 


Balticareaisnow 
rising to compensate 
forthe loss of its 

ice sheet some 12,000 
years ago. Because 
of the melt water, 

the sea would: 
firstrise faster than 
theland, drowning 
much of Antarctica. 


Glacial deposits and ice-grooved and 
Polished rock have also been identified in 
older geological formations, leading to the 
discovery of former ice ages. Three are 
known to have occurred during the late 
Precambrian (940, 770 and 615 million years 
ago), one during the Devonian (nearly 400 
million years ago) and one during the Permo- 
Carboniferous (295 million years ago), 


Origin of ice ages 

Some 60 or 70 theories have been put for- 
ward to account for the origin of ice ages. 
Those based on purely terrestrial phenomena 
call for a predisposed position of the land 
masses such as the present positions of 
Antarctica and of the landlocked Arctic Sea, 
which prevent the temperature-evening 
effects of the sea from reaching the poles; or 
else they presuppose changes in the atmos- 
phere, such as a decrease in carbon dioxide 
content (allowing a faster rate of heat loss to 
outer space) or an increase in atmospheric 
dust due to paroxysmal volcanic eruptions, so 
Preventing the warming effect of some of the 
sun’s rays from reaching the earth, 


am 


Glacial periods 


Colling ratios 


Other hypotheses are astronomical, They 
Propose variations in the sun's output and 
changes in the sun-earth relationship. One 
such hypothesis relates the glaciations to the 
passage of the Solar System through the dust 
clouds of the two spiral arms of the galaxy: 
this implies an ice age lasting a few million 
years every 250 million years. Scientific evi- 
dence supports this theory except for the time 
about 250 million years ago when no ice age 
occurred but there was, nevertheless, a 
distinct cooling of the climate as evidenced by 
fossil faunal changes. 

According to the latter hypothesis, we 
should now be moving out of the last ice age 
although there is currently much talk of an 
impending renewal of glaciation. This is 
based on a southward shift, over the last ten 
years or so, of the Northern Hemisphere's 
climatic belts, leading to less sunny summers 
in the temperate latitudes and to droughts in 
the Sahel and in Ethiopia and Somalia. But 
the study of the climate over the past 10,000 
years shows many such fluctuations and the 
Present state of knowledge about the origin 
of ice ages makes forecasting difficult 
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4 Thesedimentson 5 lcobergsformin 
‘the ocean floor several ways. When a 
ery glacier reaches the 
slowly and afew seaitfloats away 
metrescanrepresent fromthe bed. The 
millions of years, movement of waves 
Microscopic fossils and tides exerts 
‘of such animals as pressures on this 
Foraminifera can floating ice causing 
record changes of lumps to break away 
the climate. The Al. Ifthe glacier 
coiling of Globorotalia is moving rapidly 
truncatulinoides when it reachesthe 
sea, a projecting 
shelf of ice forms 
under the water. The 
buoyancy of this 
tothe left during shelf exerts an up- 
cold periods and to ward pressure 
therightunderwarm causing piecesto 
conditions. Analysis break off [8]. The 
of specimens from. ‘snout of the glacier 
manycoreshaspro- may beabovethe level 
videdagoodindica- of thesea and hence 
tion of the changes: lumps may break off 
inoceantem- under the force of 
peratures. This gravity and fall into 
methodisoftenused the water (C]. T! 
with other investi- formirig of new ict 
gationsand particu- ergs is known. 
larly with studi “calving”. Northern 
onthe abundance of —_icebergscome from 
other Foramin the Green! 


Globorotalia _ sheet, but the. 


rgest 


jiand Globi- —_onesoriginate in 
gerinapachyderma, Antarctica, The lar- 
which are also sen- ‘gest iceberg ever 
sitive to changes Seen was 336km (208 
thataffect the miles) long and 97km 


temperature. (60 miles) in width 
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[Ares ot Pleistocene 
~ glaciation 


4 Patmo-Carboniterous 


lee ages have sev 
eraltimes swept 
over various parts 
of the earth and, 
although of short 
duration by geologi- 


left a durable im- 
pressionon its 
crust. The map 


0 


eSevonian tite 


Precambrian 3 tlite 
(615 milion years) 


shows the limits 
reached by the ice 
‘sheets during the last 
ice age inthe Pleisto- 
cene (2 millionto 
12,000 years ago). 
Evidence for other 
ice ages comes from 


@ Precambrian 2 tite 
(776 milton years) 


a Precambrian 1 tilite 
(840 million years) 


deposits. Also shown 


tions of Precambrian, 
Devonian and Permo- 


buthave since been 
moved out of place by 
continental drift 


6 Atperiods of maxi- 
mum glaciation, sea- 
levels were 180m (590 
ft) lower than at the 
present time because 
of the large amount 
of water frozen 


inthe ice. Many of 
today’sisiands would 
be joined to adjacent 
continental masses — 
the British Isles, 

for example, would 
have been partof 


Europe. Land 
bridges appeared, 
pecially in such ar 
asthe Bering Strait. 
These bridges helped 
the spread of man- 
kind round the world 
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Winds and deserts 


‘The most obvious characteristic of the desert 
is its emptiness for it is almost devoid of 
plants, animals, mankind and water. Hot 
deserts are places where the heat of the sun 
[3] is capable of evaporating all the water that 
falls as rain; most of them have less than 
10cm (4in) of rain a year [2] which falls 
heavily and in rare showers. Many areas have 
no rain for years ~ then a sudden cloudburst 
causes temporary, fast-flowing streams 
called flash floods. This water usually drains 
into shallow lakes that have no outlet to the 
sea, and there it soon evaporates, 


The face of the desert 
The hot desert is not all sand; in fact only 
about 20 per cent is covered with sand. Much 
is bare rock, often cut by deep wadis 
(intermittent riverways) [5] or carved into 
fantastic shapes by winds [10]. The landform 
of rock deserts is very angular. The rounded 
hill shapes of more humid lands are missing 
because there is no steady downwash 

In many desert tracts the sand has been 
blown away, leaving a surface of boulders [6] 
Rock or boulder desert may grade into sand 


1 Deserts areformed grow in coo! lat 


in areas where the itudes in rain 
rate of water loss that would give only 
by evaporation ‘scrub and semi-arid 


conditions in the 


gain tropics. Approximately 
by precipitation, 25 per cent of the 
Temperature, as well earth's surface is 
88 rainfall, is very characterized by 
important — forests. dry climi 


desert (Key, 4]. At first there are dunes with 
no sand between them; then these pass into 
areas where the whole surface is sund- 
covered and is known as a sand sea 

The geographical locations of most 
deserts lie within the belts of high air pressure 
centred on the tropics of Cancer and Cap- 
Ficorn in which the air is always very dry [1] 
The deserts of Asia and North America lie in 
the interior of those continents and are cut off 
from the rain-bearing winds by surrounding 
‘mountain ranges. The world’s largest deserts 
stretch across Africa and great parts of Asia 
Europe is the only continent with no large 
deserts, Almost all deserts, such as the 
Sahara and the Kalahari, are hot, but a few, 
such as those in the Arcticand on high moun- 
tains, owe their lifelessness to extreme cold. 

Weathering, the process by which rock is 
broken down into sand and clay, takes place 
very slowly in the hot desert compared with 
more humid lands. On many days the surface 
temperature of the rocks varies from about 
5°C (41°F) in the cool of the night to about 
40°C (108°F) at midday. This results in a 
daily expansion and contraction of the rock 


2 The rainfall in 

‘8 desert area such as 
Cufra, in Libya, is 
vastly different from 
that in a wetter ares 
such as Greenwich, in 


portion of the land 
between latitudes: 
10° and 35° north 

and south. On this 


surface, setting up strains that gradually 
break it up into sand. The small amount of 
moisture, mostly in the form of dew, may also 
cause slow chemical weathering. 


Water and wind effects 
Water from occasional downpours drains 
rapidly into the wadis, carrying with it loose 
stones, sand or mud. It rushes down asa flash 
flood and the stones it carries erode the sides 
of the wadis. At the end of the wadi isa cone- 
shaped pile of stones and sand called an allu- 
Vial fan [4]. The water sinks into this, leaving 
the coarse sediment it is carrying on top, and 
eventually drains out of the bottom taking 
with it only the finest material, mostly mud 
and dissolved salts. It then runs into large, flat 
areas and forms temporary shallow lakes [4] 
Within a few days the water has evaporated, 
leaving 4 mixture of salt and mud in what are 
called Salinas, 

The main effect of the wind in the desert is 
to move sand and dust. In humid areas 
vegetation protects the soil from the wind but 
in the desert there is no vegetation and 
moreover the sand and dust are completely 


England. Desert 
rainfall is usually less 
than 10cm (4in) a 
and is very irregular 
with cloudbursts 
and long dry spells. 


3 The daity tompera- 
ture range ins 
desert is very great 
due to the lack of an 
insulating cloud layer. 
At higher latitudes 


CONNECTIONS 
See aise 

Winds and weather 
ystorns 


maximum tempera: 
ture is lower but the 
temperature range is 
also small since 
cloud cover tends to 
contain the heat. 


WB Greenwich, England 


weathering. Most 
erosion takes place 
lly through 
lon oF the 
. Mesas 
[are large flat: 


sides. Yardangs (3) 


Cutra, Libya Greenwich, England ll 3 
z= = MB cute, Lys 
me 
awe 
é 
I9C 
4 The topography of topped areas with pillars of softer 
‘8 desert is charac- steop sides, The butte They 
terized by the relative [2}/ elongated in the dir- 
absence of chemical hill also with steep ection of the wind. 


Alluvial fans [5] are 


are wind-erodedfea- deltaic pebble- 
tures consisting of Mounds deposited by 
tabular masses flash floods, usually 


of resistant rock 
resting on undercut 


16] is atemporary lake 
of brackish water 

aiso formed by flash 
floods. An inselberg 
(lis an isolated 

hill rising abruptly 
from the plain. A 
pediment [8] is a 
gently inclining 
rock surface, 


dry and easily moved, The wind takes the 
sand and dust from the surface of the alluvial 
fans, plus any sand produced by weathering, 
and blows it into dunes 
Sand grains are not carried far in the air 
but the strongest wind causes the grains to 
move in series of bounces [10]. Although 
they are never lifted more than Im (39in) 
above the ground, the wind-blown particles 
sand blast” any rock or pebbles in their path 
and polish the surface of any pebble facing 
the wind. If the direction from which the wind 
comes varies, the pebble will acquire several 
flattened surfaces giving it a pyramidal shape 
Such a pebble is called a ventifact or a drei 
kanter. The sand also erodes the solid rock 
over which it is blown, etching out any softer 
or weaker parts and leaving the harder rock 
standing up in ridges called yardangs, or in 
‘rock mushrooms 


called zeugens [6] 


How sand dunes are formed 

There are two main types of sand dunes; bar- 
chan and seif dunes. Barchan dunes [9] are 
usually found on the edge of the desert where 
there is a relatively small amount of sand and 


7 Grains of desert 
‘sand (A) are large: 

ly spherical and 
appear “frosted” 
because they have 
been rounded by 
countless collisions 
with other grains 
River sand grains (B] 
are less polished, 
having suffered 
fewer collisions. 
River sand also con- 
tains many grains of 
soft minerals, such 
as mica, which would 
have been ground to 
dust in the desert 
Desert sand is more 
uniform in size 

than river sand. 


10 A pedestal is 
a large lump of rock 
supported only by a 
thin neck. In a sand. 
storm the wind is 
only able to make 
the sand grains 
bounce up to about 
1m (39in) above 

the ground. When the 
sand collides with 
the rock, it sand. 
blasts it and wears 
it away, The dust 
and finer particles, 
which are carried 
higher, are too light 
to abrade the rock 
Therefore the rock 

is eroded only at 

its base, which gives 
inthe appearance 

‘of a mushroom 
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often some scrub vegetation. These dunes are 
crescent-shaped, with their points facing 
downwind, and between them there is only 
gravel or bare rock. The wind blows the sand 
up the gently sloping windward side of the 
dune and when the grains reach the top they 
roll down the steeper leeward side. Therefore 
the grains at the back of the dune are con- 
stantly being brought to the front; in this way 
the dune slowly advances. Large barchan 
dunes move extremely slowly, while small 
barchans may advance 15m (SOft) a year 
Where there are many barchan dunes they 
may line up to form a transverse dune 

Seif or longitudinal dunes [8] cover a 
much larger area of the desert. They are long 
ridges of sand separated by strips of rock or 
stones kept clean of sand by eddies of wind 
Barchan and seif dunes merge into areas 
where all the desert floor is covered with sand 
ind the dunes lose their shape and be 
part of an irregularly rolling sand surface. 

The finest dust may be lifted thousands of 
metres into the air and carried for hundreds 
of kilometres and, if blown out of the desert, 
forms a very fertile soil called loess, 


Deserts are extrome: 
ly dry areas that 
Support only a much: 
reduced vegetation 
and a few nomadic 
tribes scattered in 
small encampments 
such as the Saharan 


me 


5 Wadis are steep or 
vertically sided 
valleys in which 
water runs only 
during rare flash 
floods. They start 
with random de 
prossions in desert 
mountain areas or 
arid plateaus. 

They are deepened 
and widened by the 
floods which, because 
the water is moving 
80 fast, are able to 
prise away and move 
large slabs of rock 
During aflood 

the water may 

cover the whole 
width of the wadi 


8 8 Seif dunes are 

long ridges of sand 
with bare rock be. 
tween, Each dune may 
be upto 40m (130ft) 
high, 600m (1,960ft) 
wide and 400krn (250 
miles) long. The pre: 
vailing wind blows 
parallel to the ridges. 
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9 Barchans are iso 
lated and crescent 
shaped dunes that 
slowly migrate down: 
wind, horns forward. 
They occur only in 
areas such as Turk 
estan where the wind 
always blows fram 
the same direction, 


11 Rain falling on 
the Atlas Mountains 
drains into porous 
rocks underlying the 
Sahara. The water 
seeps through these 
rocks which, where: 
ever they come to 
the surface, give 
rise to oases, 


" 


12 In prehistoric 
times continuous 
rivers ran in the 
Sahara. Their former 
courses can still 

be seen from the 

air, But today it 

is much drier and 
habitation is restricted 
toa few oases, 


‘one shown here, A 
main geological agent 
in deserts is wind 

Its effects are empha 
sized by the lack of 
vegetation and of 
moisture that holds 
fine-grained particles 


together, The wind 
sweeps some areas 
clean, leaving bare 
rocks; sand-laden 

winds sculpture the 
rocks and the sand 
ls eventually depos: 
tod, forming dunes. 


6 Rocky surfaces ore 
far more common in 
deserts than sand 
seas. When loose 
material containing 
pebbler or larger 
stones is exponed to 
wind, all the fine dust 
and sand particles are 
blown away leaving a 
desert pavement or 
reg. The surfaces of 
‘mesas and larger 
plateaus are scoured 
clean by the wind, 
and form rock deserts 
called hammadas 
showing wind-eroded 
features ~ yardangs 
and mushroom-shaped 
rocks called zeugens, 
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Coastlines 


Coasts are constantly changing [Key], some- 
times at a dramatic rate. During a North Sea 
storm in 1953, powerful waves battered 
eastern England. Near Lowestoft in Suffolk, 
the sea undercut an 8m-high (26ft) cliff and 
removed 11m (36ft) of land in about two 
hours. 

The rate of erosion, which is caused by 
waves [1], currents and tides, depends on the 
nature of the rock. Tough outcrops of granite 
are much more resistant than, for example, 
the glacial boulder clays, gravels and sands in 
Massachusetts where erosion of the cliffs of 
Martha's Vineyard island is taking place at a 
rate of 1.7m (5.5ft) a year and where a light- 
house has had to be resited three times. 


The causes of coastal erosion 

‘The force exerted by waves in the Atlantic 
has been estimated to be about 9,765kg per 
square metre (2,000Ib per square foot) and 
this force may be three times as great during 
severe storms, when blocks of concrete 
weighing more than 1,000 tonnes have been 
dislodged. The hydraulic action of water is 
seen when high waves crash against a rock 


11 Wave erosion 
usually occurs on 
both sides of a head: 
land [4]. When caves 
eroded in aheadiand 
meet, anarch is 


formed|B].Whenan surging wavesin 


arch collapses, a caves forms blow- 
stack remains [C), holes [D], through 
Upward erosion by which spray emerges. 


3 Longshore drift sweeping curve |B), 
isthe most import- As the wav 
ant way in which backwash d 
loose sand and material back by the 


pebbles are carried 
along a coastline. 
When waves are driv- 


it, steepest 
route at about right 


andcurrent ag gradually carried 
theshore [A]. debris along thecoast in 
issweptupthe zigzag path to be 
beach ina forward deposited elsewhere. 
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face. Air compressed by the water in cracks 
and crevices expands as it is released, some- 
times with explosive force, enlarging cracks 
or shattering rock faces. 

Another form of marine erosion is corro- 
sion, when waves are armed with sand, peb- 
bles and, during storms, boulders. The waves 
lift up these materials and hurl them at the 
shore, bombarding and undercutting the 
bases of cliffs. Such action may hollow out sea 
caves within which erosion continues, Some- 
times the roof of a cave collapses to form a 
small opening or blowhole. When waves 
pound through the cave, jets of spray spurt 
through the blowhole. 

Because rocks differ in hardness, sea ero- 
sion may create a series of bays, cut in rela- 
tively soft rock, separated by headlands of 
fairly hard rock. The exposed headlands are 
battered from both sides, Sea caves forming 
on each side of the exposed headland may 
eventually meet in an arch. When the arch 
collapses, an offshore pillar of rock, called a 
stack [2], remains behind. In this way, even 
headlands of hard rock are finally worn away 

Another form of marine erosion, attri- 


2 Astack, standing 
ikea pillar off- 
shore, is what 
remains afterthe 


tion, occurs when sand, pebbles and rocks 
collide and are rubbed together by the 
moving water. Loose, jagged material is 
smoothed and ground down into finer and 
finer particles. The sea also erodes land by 
the solvent action of seawater on some rock 


The movement of eroded material 
Eroded material is transported along the 
coast mainly by wave action. Waves usually 
strike the shore obliquely. As they move for- 
ward, they sweep material diagonally up the 
beach. As the water recedes, the backwash 
Pulls the loose fragments down the steepest 
slope at right-angles to the shore. This zigzag 
movement, called longshore drift (3], moves 
sand and pebbles along the coast. Currents 
and tides also contribute to the movement of 
eroded material, 

Because of the importance of coastlines 
to man, attempts are often made to control 
longshore drift. and erosion. Common 


methods include the building of groynes [5] 
(low walls usually at right-angles to the 
shore) and sea walls to protect the coast 
against storm waves 


4 Sand spits |!) are 


ridges of materi where the coastline 


transported by long- _ suddenly changes dir 
shore drift. The ection. While spits 
materialisdropped _areattachedtoland, 


where waves meet an 
obstacle, such asa 


bars (2) are off- 
shore ridges of de- 
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See also 
Land gcumnured by 


Treseaded 


generally parallel 
tothe shore. Bai 
accumulate on gently 
sloping beaches 
where backwash is 
not very strong. 


When material moved by longshore drift 
meets an obstacle, such as a headland, or 
Where the coast abruptly changes direction, 
the transport of material may slow down and 
it may pile up in narrow ridges called spits [4] 
Spits often curve part of the way across bays 
and estuaries. Baymouth bars are spits that 
seal off a bay completely. Other bars, unlike 
spits, are not attached to land. They are 
formed in the sea and run roughly parallel to 
the coast. Similar features are tombolos — 
natural bridges joining an island to the main- 
land or linking one island to another 


Other characteristic coastlines 
Since the end of the Pleistocene ice age, 
melted ice has increased the volume of the 
oceans and many coastlines have been 
flooded [7]. These coasts of submergence 
include flooded river valleys, called rias, and 
flooded glaciated valleys, called fiords, Other 
coasts have been raised up by earth move. 
ments. Coasts of emergence can be identified 
by such features as raised beaches and former 
sea cliffs that are now inland. 

Some coastlines have a special character 


5 Groynes are built 
to offset the tend- 
ency for sand and 
shingletobe 
gradually carried 
Sideways along a 
beach. There are two 
main kinds of groyne. 


‘The zigzag timber 
piletype[1)has 
piles driven 2m, 
(6h) below the 
ground and standing 
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related to the geological structure of the 
coast. The two main kinds of coastlines in this 
category are concordant or longitudinal 
coastlines and discordant or transverse coast- 
lines. A concordant coastline occurs in 
Yugoslavia along the Adriatic Sea, where the 
geological structures parallel the coast. Fol- 
lowing submergence, the sea has occupied 
former valleys while former mountain ranges 
have become offshore islands. Discordant 
coastlines occur where the coast cuts across 
the direction of the geological structures, 
in the ria coastline of southwest Ireland. 

A special feature of coastlines in tropical 
seas results from the growth of coral. Coral 
polyps live in warm water with plenty of sun- 
light and cannot grow in depths greater than 
45m (150ft), Fringing coral reefs develop in 
shallow water near the shore. Barrier reefs lie 
some distance away from the shore, They 
may be built on a non-coral foundation or 
they may have increased in depth as the 
depth of the sea increased. The most 
intriguing coral features are atolls [8], ci 
cular or horseshoe-shaped groups of coral 
islands in mid-ocean 


6 Waves and currents 

have swept sand and 

pebbles across an 
1m (39in) above ground. inlettoforma spit. 
The straight, solid Thespit, often 
groyne 2} consists calleda baymouth 
ofheavyplanksbol- —_bar, has cut off the 
ted to piles that are inlet from the se 
also sunk 2m (6.6ft) leaving behind itan 
into the ground enclosed lagoon. 


7 Changesinsea- 
level caused by an 
increase inthe 
volume of ocean 
water, or by earth 
movements, deter- 
mine the character 
of some coastlines. 
When acoastal area 
unaffected by glac 
iation [Alis over- 
taken by anice age, 
glaciers andice 
caps form onthe 
\and (8). The sea 
level drops andthe 
weight of theice 
eventually depresses 
coastal valleys. 
With the endof the 
iceage, meltedice 


recovery is not fast 
enough to offset. 
considerable rise in 
sea-level [C]. Flooded 
river valleys or 

fiords (drowned 
glacial valleys) 
characterize such a 
coastline -a coast 

of submergence. 
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Coastlines are 
shaped by erosion 
and deposition which 
are the result of wind, 
waves, currents and 
tides interacting 

with the rocks and 
sediments of the 

land. Among common 
coastal features 


returns to the sea, Reet lagoon! 
Even though the 
land begins torise, ‘isae ai 
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are headlands (1) 
of relatively hard 
rock, isolated rock 
pillars called 
stacks [2], cliffs 
[4], natural arches 
[5], caves [7] and 
blowholes [6] in 
the roots of caves. 
Features resulting 


[Reet and devitus 


® ® ® 


from deposition are 
beaches [3], tombolos 


[8]. lagoons (9}, salt 
‘marshes [10], spits 
\11]andsand dunes 
[12]. To slaw down 
the drift of eroded 
material along a 
coast, groynes (13) 
areoften built 


8 Atolls and coral 
reefs are found only 
intropical seas, 
‘The most striking 
coral feature isthe 
atoll, a ring or 
horseshoe-shaped 
group of coral 
islands. Corals 
growin warm, fairly 
shallow waterto 
depths of about 90m 
(300tt). But the depth 
ofcoralinmany 
atolisis much 

greater thanthis, 
One theoryisthat 
the coral began to 
form as a,reet in 

the shallows of a 
volcanicisiand [A] 
Thenthe sea-level 
beganto rise and 
theisland slowly 
sank (8), Butthe 
coral growth kept 
pace with these 
gradual changes, 
leaving an atoll of 
low islands (Cl. In 
this way, depths of 
coralto as much 

298 1,600m (5,250ft) 
can be explained. 
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The sea and seawater 


Photographs of the earth from space suggest 
that “Ocean” would be a more suitable name 
for our planet, because the oceans cover 70.8 
per cent of the earth’s surface [Key]. There 
are three major oceans, the Pacific, the 
Atlantic and the Indian, but the waters of the 
Arctic and Antarctic are also described as 
‘oceans, These five oceans are not separate 
areas of water but form one continuous 
oceanic mass. The boundaries between them 
are arbitrary lines drawn for convenience 


The study of oceanography 

The vast areas of interconnected oceans con. 
tain 97.2 per cent of the world’s total water 
supply, The study of oceans, including their 
biology. chemistry, geology and physics, has 
become a matter of urgency, because man’s 
future on earth may depend on his know- 
ledge of the ocean’s potential resources of 
food, minerals and power. 

The most obvious resource of the oceans 
is the water itself, But seawater is salty, con- 
taining sodium chloride (common. salt), 
which makes it unsuitable for drinking or 
farming. One kilogramme (2.21b) of sea 


Trace elements0-01%, 
Fluoride F 0.003%. 
Strontium Sr’ * 004% 
Boric acid 1,80, 0.07% 
Bromide Br 0.19% 
Bicarbonate HCO™, 0.41% 
Potassium KT 4 

116% 


eiuen Ca 


agnesium Mg" * 369% 


Sulphate SO 7-68% 


Sodium Na~ 30-6 


Chloride Cl 85.04% 


1 Nearly all elements 
are found in seawater 
Sodium and chloride 
make up common salt 
and form more than 
85 per cent of the total 
substances in sea: 
water. Trace ele- 
ments include alumin, 
jum, manganese, cop: 
per and gold. if the 
salt in the oceans were 
precipitated, it would 
cover the earth's 

land areas with a lay 
‘or 153m (520ft) thick 


water contains about 35g (1.202) of dissolved 
material, of which chlorine sodium 
together make up nearly 30g (102) or about 
85 per cent of the total 

Seawater is a highly complex substance in 
which 73 of the 93 natural chemical elements 
are present in measurable or detectable 
amounts [1]. Apart from chlorine and sodium 
seawater contains appreciable amounts of 
sulphate, magnesium, potassium and cal- 
cium, which together add up to over 13 per 
cent of the total. The remainder, less than 
one per cent, is made up of bicarbonate 
bromide, boric acid, strontium, fluoride. 
silicon and trace elements. Because the 
volume of the oceans is so great there are 
substantial amounts of some trace elements 
Seawater contitins more gold, for example. 
than there is on land, although in a very low 
centration of four-millionths of one part 
per million [3] 

Also present in seawater are dissolved 
gases from the atmosphere. including ni 
trogen, oxygen and carbon dioxide. Of these 
oxygen is vital to marine organisms. The 
amount of oxygen. in varies 


and 


seawater 


2 The salt in the 
world’s salt mines 
was formed either 
from ocean water or 
from saline water 
ininland seas. The 
salt layers accumu 
lated over extremely 
Jong periods in 
basins where evapor 


ation caused the salt 
to precipitate from, 
the water. The salt 
mines of Wieliczka, 
Poland, contain a 
layer of salt 366m 
(1,200ft) thick, 
while those of Texas 
are up to 3,658m 
(12,000tt) thick. A 


according to temperature. Cold water can 
contain more oxygen than warm water. But 
cold water in the ocean deeps, which has been 
out of contact with the atmosphere for along 
period, usually contains a much smaller 
amount of oxygen than surface water 

Other chemicals in seawater that are 
important to marine life include calcium, 
silicon and phosphates, all of which are used 
by marine creatures to form shells and skele- 
tons, For cell and tissue building, marine 
organisms extract such chemicals as phos- 
phates, certain nitrogen compounds, iron and 
silicon. The chief constituents of seawater 
chlorine, sodium, magnesium and sulphur ~ 
are hardly used by marine organisms. 


‘The salinity of the oceans 
The volume of dissolved salts in seawater is 
called the salinity of the sample. The average 
salinity of seawater ranges between 33 and 
37 parts of dissolved material per 1,000 parts 
of water. Oceanographers usually express 
these figures as 33 parts per thousand (33%/m) 
10 37%», The salinity of ocean water varies 
with local conditions {6}. Large rivers or 


3 One of the elements 
in seawater is gold 
Although gold forms 
only 0,000004 part 
per million, the 

total amount of gold 
In ocean water, repre: 
sented by the large 
cube, is about 6 

10" kg, about 100 


column of seawater 5 50 
about 305m (1,000ft) 

high would pracipitate 
only about 4.6m (15tt), 

so very thicksaltdep- 40 
osits are difficult to 

explain, Iilustratian 

4 depicts the creation 

of salt and other x 
saline rock deposits. 


4 The formation of 

saline rocks, called 20 
evaporites, takes 

place in dry, arid 

regions. Seawater 

flows into the gulfs 10 
where it tends to evap: 
orate, concentrating 

the dissolved salts and 
making the water very 
saline. Finally, the 


salts are precipi: 5 When hal a sea- 
tated out when the water sample has 
solution becomes too —_ evaporated, calcium 


concentrated to hold 
them. When subsid: 
ence occurs at the 
same timo as the pre: 
cipitation of the salts 
very thick deposits are 
formed, The sequence 
[A-Elis explained 

in iNustration 5. 


and magnesium car. 
bonates [A] precipi 
tate out, They are 
completely removed 
from the brine when 
itis 15% of its original 
volume. At about 20% 
calcium sulphate [B] 
starts precipitating 


—— SSF 


CONNECTIONS 


See aise 
Minor resource of 
Pollution of the sea 
Wave ard tide 


times more than all 
the gold in man's 
Possession, which 
amounts to 6x10’kg, 
represented by the 
‘small cube, The Ger. 
mans once tried to 
extract oceanic gold 
to pay war debts, but 
itwas too expensive 


followed by sodium 
chloride or common 
salt [C), other sul. 
phates [D], rai 
salts of magnesium, 
potassium, sodium and 
borates and fluorides 
[El Finally magnes 
jum and potassium 
chloride precipitate 

[F]. White areas 

show amounts of salts. 


melting ice reduce salinity, for example, 
Whereas it is increased in areas with little 
rainfall and high evaporation. The Baltic Sea 
which receives large quantities of fresh water 
from rivers and melting snow, hus a low 
salinity of 7.2%. The highest salinity of any 
ocean is in the Red S 
much as-4 1%. 

To produce fresh water from seawater the 
dissolved salts must be separated out. This 
desalination can be carried out by electrical, 
chemical and change of phase processes 
Change of phase processes involve changing 
the water into steam and distilling it, or 
changing it into ice. a process that also expels 
the salt. Eskimos have used sea ice as a source 
of fresh water for hundreds of years [8] and 
primitive coastal tribes still take salt from the 
by damming water in pools and letting it 
\dually evaporate in the sun 


a where it reaches as 


Fa 


Density, light and sound 

The density of seawater is an important 
factor in causing ocean currents and is related 
to the interaction of salinity and temperature 
[7]. The temperature of surface water varies 


© Salinity 


ation of surface ice 
that contains little 
ifany salt. Eskimos 
and ather peoples 
living in polar oli 
ates have long used 
sea ice as a source 
of fresh water. Such 
freezing leads to an 
Increase in the 
salinity of the water 
beneath the ice. 


8 One of the ways 
of removing salt from 
seawater is the 

direct freezing 
method. This happens 
naturally when the 
temperature of sea 
water with a salinity 
of 35 parts per 1,000 
falls below -2°C 

(29°F), This freezing 
results in the form: 


between ~2°C and 29°C (28°F and 85°F). Ice 
will begin to form if the temperature drops 
below —2'C (28°F). 

The properties of light passing through 
seawater determine the colour of the oceans. 
Radiation at the red or longwave end of the 
visible spectrum is absorbed near the surface 
of the water [9] while the shorter wavelengths 
(blue) are scattered, giving the sea its blue 
colour. The depth to which light can penet 
rate is important to marine life. In clear water 
light may penetrate to 110m (360ft) whereas 
in muddy coastal waters it may penetrate to 
only 15m (SOft), 

Water is a good conductor of sound. 
which travels at about 1,507m (4.954ft) per 
second through seawater, compared with 
331m (1,087f) per second through air 
Echo-sounding is based on the measurement 
of the time taken for sound to travel from a 
ship to the sea floor and back again, How- 
ever, temperature and pressure both affect 
the speed of sound, causing the speed to vary 
by about 100m (328ft) per second and 
creating phenomena such as sound “shadow” 
zones and slow velocity zones [10] 


6 Inanisohaline 74 
map of the Atlantic 
Ocean the lines 

join the places of 
‘equal salinity. The 
range of salinity in, 
most of the ocean 
between 33 and 37 
parts per thousand, 
The map shows 

that salinity in 

the tropics, where 
evaporation is con 
siderable, is rela 
tively high. In 

the almost enclosed 
Mediterranean Sea 
it Is higher still 

Inthe Arctic, 
however. the salinity 
iw lowered by melt 
ing ice and rainfall 
In Hudson Bay 

the salinity falls con. 
siderably below the 
normal ocean values 
because of the inflow 
of fresh water from 
rivers. In the tropics, 
large rivers, such as 
the Amazon, reduce 
the salinity locally, 


1.000 
2.000] 
3,000 
4,000 


ions, The blue wave 
lengths, being less 
absorbed, are more 
scattered. As a 
result clear sea- 
water looks blue. im 
purities in seawater, 
Such as organic life 
and silt, especially 
around coastlines, 
greatly increase the 
attenuation. The dia 


9 Seawater reduces 
the intensity of sun. 
light (attenuates it) 
selectively according 
to its wavelongth. 
Attenuation is mini 
mum for blue and 
maximum for red and 
infra-red and is caused 
by absorption and 

the scattering of 

light in all direct 


Atlantic B4.133,000km? 


Moentiesine 


gram shows the atten 
uation in pure sea: 
water and depicts 
the attenuation for 
different tight 
wavelengths, the 
bottom of each 
band being the point 
at which only one 
per cent of the 

light intensity at 

the surface remains, 


Indian 65,522.000km? 


1 
| 
| 
Antarctic 32,248,000km! [iE 
| Arctic 14,090,000 
! 


Land 148,900. 000km! 
| 

The oceans cover 
about 70 per cent 
of the earth's sur. 
face, No other 
planet in the Solar 
System has as much 
water. The five 
‘oceans are connect 
ed together and can 
be thought of as one 
Jorge oceanic mass. 
Oceanography is 
the study of this 
Great area of water 


Km 


7 The physical prop- 
erties of seawater, in 
cluding the salinity [A] 
and temperature (8 
are relatively constant 
at depth compared 
with the variations 
produced by local 
conditions at the 
surface. The surface 
salinity varies greatly 
with inflows of fresh 
water and variations 
in the rate of evapor 
ation but it remains 
quite constant at depth 
as mixing of water by 
deep currents is very 
slow. The same is: 
teue of the tempera: 
ture, which remains 
fairly constant at 


Tempcrature, 


depth despite the 
20 climatic variation 
18 at the surface. in the 


Atlantic Ocean, as 
illustrated, a larger 
body of cold water 
exists at the south than 
the north and this has 
some effect on the 
temperature range. 


a lens. Such retrac 
tion can take place at 

a thermocline —the 
boundary between 
warm surface water 
and cold water at 
depth. Submarines 
‘and other naval 
vessels can make use 
of this effect to hide the 
‘sound of their pass 
age from an enemy 


10 The velocity of 
sound in seawater is 
more than 4.5 times 
as great as itis in air 
but it can vary with 
pressure, salinity 

and temperature. 
‘Sound waves passing 
through water in 
which these vary are 
refracted, or bent like 
light passing through 
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Ocean currents 


No part of the ocean is completely still, 
although, in the ocean depths, the movement 
of water is often extremely slow. Exploration 
of the deeper parts of the oceans has revealed 
the existence of marine life. If the water were 
not in motion, the oxygen — upon which life 
depends ~ would soon be used up and not 
replaced. Life would therefore be impossible. 
The discovery that all ocean water movesis of 
Breat significance. It was once thought that 
dangerous radioactive wastes could be 
dumped in sealed containers in the ocean 
depths. If the containers were to corrode, the 
radioactive substances would be released 
into the water and gradually circulate around 
the globe, poisoning marine life 


Causes of ocean currents 

Surface currents in the oceans have been 
recorded since ancient times and were used 
by carly navigators, In 1947, Thor Heyerdahl 
sailed on his raft, the Kon-Tiki, from Peru to 
the Tuamotu Islands east of Tahiti in 101 
days. The journey, of nearly 7,000km (4,300 
miles), was powered partly by the wind, but 
the raft was mainly carried by the Peru Cur 


vA. Gy G 


ar 


Increasing 


2 The water of the 
Mediterranean is 
constantly evaporating 
from its surface 
causing its salinity 
to increase. A 
current of normal 
salinity flows in and 
the excess salt is 
carried out by a 
deep-water current 


3 In the Baltic, a 
surface current of 
Jow salinity flows 
outwards, The over 
ail salinity of the 
Baltic is maintained 
by @ small under 
current bringing 

in as much salt as 
the amount that 

is carried away 

by the outflow, 
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rent and the South Equatorial Current. 
Prevailing winds sweep surface water 
along to form drift currents. These surface 
currents do not conform precisely with the 
direction of the prevailing wind because of 
the Coriolis effect [Key] caused by the rota 
tion of the earth, This effect, which increases 
away from the Equator, makes currents in 
the Northern Hemisphere veer to the right of 
the wind direction and currents in the 
Southern Hemisphere veer to the left. The 
Tesult is a general clockwise circulation of 
water in the Northern Hemisphere and an 
anticlockwise circulation in the Southern 
Hemisphere 
Other factors affecting currents are the 
configuration of the ocean bed and the 
shapes of land masses. For example, in the 
Atlantic Ocean, the North Equatorial Cur. 
rent flows towards the West Indies. Most of 
this current is channelled into the Gulf of 
Mexico where it veers northeastwards, 
bursting into the Atlantic between Florida 
and Cuba as the Gulf Stream, (The term 
"stream" is used for currents with fairly clear 
boundaries.) This current. properly known as 


the North Atlantic Drift once it leaves the CONNECTIONS 
American coast, then flows at four to five 
knots in a northeasterly direction. However, 
even this marked current is confined 10 
waters near the surface. At a depth of about 
350m (1,150ft), its effect is hardly notice. 
able. In the late 1950s, another large current 
was discovered flowing under the Gulf 
Stream in the opposite direction 


Variations in density 
The causes of currents that are not powered 
by winds are related to the density of ocean 
water, which varies according to temperature 
and salinity. Heating ut the Equator causes 
the water to become less dense. Cooling 
round the poles has the opposite effect 
alinity is affected by the inflow of fresh 
water from rivers, melting ice and rainfall, 
and by evaporation. For example, a high rate 
of evaporation in the Mediterranean S 
increases the salinity and therefore the 
density of the water [2], Asa result, currents 
of less dense (less salt) water flow into the 
Mediterranean from the Atlantic and the 
Black Sea, Smaller counter-c 


rents of a 


1 Upwelling [A) oc 
curs when a long 
shore wind [1] pushes 
surface water away 
from a coast at an 
angle |2}, allowing sub 
‘surface water to rise 
[3]. This slow motion 
can best be seen as. 
tempe 
ents (4) 
water is colder. Sub. 
surface water often 
contains many nutri: 
ents and so area: 
where upwelling 
‘occurs are often 
exceptionally rich 
fishing grounds, such 
as off the west coast of 
South America [8] 


to measure the cur 
rent overa period 

of time, They 

usually contain some 
kind of propeller 

that is turned by 

the moving water and 
a vane connected 

to acompass, which 
orients the meter 

so that it always 
faces the current, 


4 Current meters 
are the most accurate 
instruments used to 
measure and record 
the direction and 
rate of flow of 

ocean currents, 

The meters are 
sometimes attached 
to buoys or they may 
be anchored to the 
sea-bed and left 


higher density or salinity flow outwards 
beneath these currents so that the salt con- 
tent of the basin remains constant 

One of the simplest ways of measuring the 
speed and direction of surface currents is to 
record the movement of floating objects such 
‘as icebergs or wreckage. Ships record the 
flow of currents, sometimes by trailing a drift 
buoy and noting its movements. Current 
meters [4] of many kinds are also used. 


Effects of ocean currents 
One of the most important effects of ocean 
currents is that they mix ocean water and so 
affect directly the fertility of the sea. Mixing 
is especially important when sub-surface 
water is mixed with surface water. The 
upwelling [1] of sub-surface water may be 
caused by strong coastal winds that push the 
surface water outwards, allowing sub-surface 
water to rise up, Such upwelling occurs off 
the coasts of Peru, California and 
Mauritania. Sub-surface water rich in nutri- 
ents (notably phosphorus and silicon) rises to 
the surface, stimulating the growth of 
plankton: which provides food for great 


5 


5 The surtace cur- 
rents of the world 
circulate in a clock- 
wise direction in 
the Northern Hern 


large clockwise gyre: 
inthe Northern Hemi- 
sphere (in the North 
Atlantic and in the 
North Pacific) and 
anticlockwise 
Southern 
Hemisphere (in the 
South Atlantic, the 
South Pacific and 

the Indian Ocean), 
Beneath the surface 


ection in the South- 
ern Hemisphere. 
These circulatory 
systems are called 
gyres. There are two 


shoals of fish, such ay Peruvian anchovies 
The anchovies are adversely affected by 
another current: when the winds fail, about 
the end of December, disaster occurs in the 
form of a warm current called El Nino which 
flows into the area, killing the cold-water 
plants and animals, 

Water has a high heat capacity and can 
retain heat two and a half times as readily as 
land. The heat of the sun absorbed by water 
around the Equator is transported north and 
south by currents. Part of the North Atlantic 
Drift flows past Norway warming offshore 
winds and giving northwest Europe a winter 
temperature that is 11C* (20F*) above the 
average for those latitudes [6]. The 
northward-flowing Peru and Benguela cur- 
rents have a reverse effect, bringing cooler 
weather to the western coasts of South 
America and southern Africa. In such ways, 
currents have a profound effect on climate 
Currents from polar regions can also create 
hazards for shipping, The Labrador and East 
Greenland currents carry icebergs and pack 
ice into shipping lanes and fog often occurs 
where cold and warm currents meet 


North Atlantic, branch- 
ing past eastern 
Greenland, northern 
Europe and south- 

ern Europe, while 
part of the current re- 
turns southwards to 
complete the gyre 
Surface cold cur 
rents in the Northern 
Hemisphere generally 
flow southwards. In 


are undercurrents: 
whose direction may 
be opposite to those 
at the surface. Be 
neath the northeast- 
ward flowing Gulf 
Stream off the east 
ern USA lies a large, 
cold current flowing 
south from the Arctic. 
The Gulf Stream 
finally splits in the 


Wind direcuon 


Surtace 
current 


Shien wares 
transport 


Depth 
‘of frictional 
resistance 


‘Surface currents are 
caused largely by 
prevailing winds. 

The Coriolis effect 
results in the deflec- 
tion of currents to 

the right of the 

wind direction inthe 
Northern Hemisphere 


inthe same manner, 
the surface motion 
drives the sub-surface 
layer at an angle 

to it, and so on. 
Each layer mov 
a slower speed 
than the one above 
it and at a greater 


angle trom the wind. 
The spiral created 

has the overall 

effect of moving the 
water mass above the 
at depth of friction 
resistance at an angle 
of about 90° from 

the wind direction. 


Warn currents 
—> 

1 North Pacitic 
2 Alaska 

3 Kuro Sh 
4 Gulf Stream 

5 North Equatorial 

6 South Equator 

7 Counter Equatorial 
8 Brazil 

9 Indian Counter Equatorial 
10 Equatorial 
17 East Austialian 


be 


Cold currents 


12 Calitornia 
13 Oya Shio 

14 Chnarion 

15 Potu 

16 Bonguela 

17 West Wind Drift 
18 Wast Australian 


6 Climate is profound 
ly affected by ocean 
currents, Where 
winds blow off the 
warm sea rather than 
the cold land the 
North Atlantic Drift 

can bring mild 
weather to some Euro: 
pean coasts. New 


York City (A] lies at 
a latitude only 160km 
(100 mites) north of 
Lisbon (B}. White 
New York has aver- 
age January tempera 
tures of —1°C (31 
Lisbon has a sunny 
average of 10°C (50°F) 
at the same time. 


the Southern Hemi 
sphere, cold water 
circplates around 
Antarctica, while 
offshoots flow north 
wards. The warm 
currents are very 
strong in tropical 
and sub-tropical re- 
gions. They include 
the Equatorial 

and Indian currents. 
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Waves and tides 


Waves and tides are the most familiar fea- 
tures of oceans and Sometimes, the 
energies of waves, tides and high winds com- 
bine with devastating effect. In January 
1953, a high spring tide. storm waves and 
winds of 18Skmv/h (115mph) combined to 
raise the level of the North Sea by 3m (10ft) 
higher than usual. This “surge” in the sea 
caused extensive flooding in eastern Eng 
land, but in The Netherlands, 4.3 per cent of 
the entire country was inundated, about 
30,000 houses were destroyed or damaged 
by the waters and 1,800 people died 


seas, 


Waves and waye movements 

Some wave motion occurs at great depth 
along the boundary of two opposing currents. 
But most waves are caused by the wind 
blowing over an open stretch of water. This 
area where the wind blows is known as the 
‘fetch. Waves. there confused and 
irregular and are referred to as a “sea”. As 
they propagate beyond the fetch they com 
bine into more orderly waves forming a swell 
which travels for large distances beyond the 
fetch. Waves are movements of oscillation 


are 


3 The tallest recorded 
wave in open sea was 
34m (112ft) high. An 
officer on the USS 
Ramapo's bridge {1} 
in the Pacific in 1933, 


2 Surfing is a popu: 
lar sport in many 
countries, such as 
Australia, Surf 
forms asthe crest of a 
wave breaks over, 
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that is, the shape of the 
the water, but the water particles rotate in a 
circular orbit with hardly any lateral move 
ment [Key]. Asa result, if there is no wind or 
current, a corked bottle bobs up and down in 
the waves, but is more or less stationary 
Waves have two basic dimensions [1] 
Wave height is the vertical distance between 
the crest and the trough. Wave length is the 
distance between two crests. At sea, waves 
seldom exceed 12m (39ft) in height, although 
one 34m (112ft) high was observed in the 
Pacific [3] in 1933. Such a wave requires a 
Jong fetch measuring thousands of miles and 
high-speed winds. Wave motion continues 
for some way beneath the surface. but the 
rotating orbits diminish and become neglig 
ible at a depth of about half the the wave 
Jength; this is known as the wave base. 
Waves that break along a seashore may 
have been generated by storms in mid-ocean 
or by local winds. As waves approach shallow 
water [1], which is defined asa depth of half a 
wave length, their character changes. As a 
wave “fi the bottom, it gradually slows 
down and the crests tend to crowd together 


wave moves across 


oxox? 4 


saw the crest of a 
wave [4] in line with 
the horizon [3] and 

the crow’s nest [2], 
enabling him to work 
out the wave height [5] 


When the water in front of a wave is insuffi 
cient to fill the wave form, the rotating orbit, 
and hence the wave, breaks. There are two 
main kinds of breakers. Spilling breakers 
occur on gently sloping beaches, when the 
crests spill over to form a mass of surf 
Plunging breakers occur on steeper slopes. 


Tsunamis ~ tidal waves 
Tsunamis [4] are sometimes called tidal 
waves but they have no connection with tides, 
Tsunamis are caused mainly by earthquakes, 
but also by submarine landslides and volcanic 
eruptions. At sea, the height of the wave is 
seldom more than 60-90cm (2-3ft), But the 
wave length may be hundreds of miles long 
and tsunamis travel at hundreds of 
kilometres per hour because of their long 
wave length. For example, an earthquake in 
the Aleutian Trench in the far north of the 
Pacific in 1946 triggered off a tsunami which 
devastated Honolulu. The tsunami took 4 
hours 34 minutes to reach Honolulu, a dis- 
tance of more than 3,220km (2,000 miles) —a 
speed of about 700 km/h (438mph). Waves 
more than 15m (SOft) high struck Honolulu. 


CONNECTIONS: 


1 Waves have length 
and height (A). The 
wave length [14] is the 
distance between one 
crest (5) and another, 
in this case, a peak: 
ing wave [4], Between 
crests is a trough 

11]. The wave height 
[6] is the distance 
between the crest and 
the trough. If wave 
action ceased, the 
water would settie 

at the "still water 
level” [8], Wave action 
extends to the wave 
base [7]. Wave dis: 
tortion is caused by 
frictional drag on 

the bottom. If waves 
pass over a sand bar 
110}, a spilling 
breaker [9] may form. 
‘Sometimes, waves in 
shallow water move 
the whole body of the 
water forward in 
translation waves [2) 
towards the shore [1] 
Inthe development 

of a breaking wave, 

B shows backwash 
[12]. C shows the 
advance of the next 
wave which peaks [4] 
in Dand then becomes 
a plunging breaker [3] 
in. F and G shows 
swash [13] rushing up 
the beach after the 
wave has broken, 
Backwash then begins 
the cycle again 


causing $25 million damage and killing 173 
people. Although the height of the c1 
low at sea, tsunamis have immense energy 
which, as they lose speed in shallower water 
is converted into an increase in height. The 
Waves, on reaching the shore, may be 38m 
(125f1) or more high 

Most destructive tsunamis occur in the 
Pacific [5], but they have been recorded in 
the Atlantic. A tsunami battered Lisbon 
shortly after the earthquake of 1755. It was 
later felt in the West Indies in the form of a 
destructive wave 4-6m (13-20ft) high, Other 
tidal waves can be due to the surge of water 
when the barometric pressure is exception- 
ally low, such as in a hurricane 


Tides and their causes 

Tides are alternate rises and falls of the sea's 
surface. caused chiefly by the gravitational 
pull of the moon and the sun [6]. The tidal 
effect of the sun is only 46.6 per cent that of 
the moon. Tides are also affected by the 
shapes of ocean basins and land masses. The 
moon's gravitational pull makes the waters of 
the earth bulge outwards when the moon is 


‘ 


Wave travel time in hes 
\ Seismio nea wave 


Neap tide 


7 The height of tides 
varies according to 
the positions of the 
sun and moon in rela 
tion to the Earth. 
When the moon is in 
its first quarter [A], 
ind again when it is 
its last quarter 

{C|, the moon, earth 
and sun forma right 
angle. The gravita 


tional forces are 
therefore opposed 
causing only a small 
difference between 
high and low tide 
Such tides are called 
neap tides. However. 
the moon, earth and 
sun form a straight 
line at full moon |B) 
and at new moon [D} 
The high tides then 


overhead at any meridian. Another bulge 
occurs on the opposite side of the earth at the 
same time. Because the moon orbits the earth 
once every 24 hours 50 minutes, it causes two 
high tides and two low tides in that period. 

Spring tides [7] occur when the earth, 
moon and sun are in a straight line. The com 
bined gravitational attraction makes high 
tides higher and low tides lower, giving a high 
tidal range. Neap tides, which have the lowest 
tidal range, occur when the sun, earth and 
moon form a right-angle. 

In the open sea, the tidal range isno more 
than a few feet and in enclosed basins, such as 
the Mediterranean, itis little more than 30m 
(12in). However, in shallow seas, it may be 
more than 6m (20ft) and in tidal estuaries 
12-15m (40-SOf). The highest tidal range 
recorded is about 16m (53ft) in the Bay of 
Fundy in eastern Canada, In some estuaries, 
including those of Hangchow Bay in China 
and the Severn in England, tidal bores occur. 
Bores are bodies of water with a wall-like 
front that surge up rivers, They form because 
estuaries act as funnels, leading to a rise in the 
height of the water as it flows upstream. 


4 Tsunamis (A), 
caused by landslides 
{1}, volcanoes [2] or 
earthquakes (3), reach 
great heights near 
land. Pacific warning 
stations [B] use detect 
| ors [C). A container 
{4}, halt in seawater, 
has air in a tube [5] 
When a wave in: 
creases the pressure, 
mercury is forced 
around [6}, closing an 
electrical circuit and 
setting off an alarm, 


is caused by tsunamis, 
They occur mainly in 
the Pacific Ocean 


__] 
‘ = 6) 


| 5 Tremendous damage 
| 


Recorder 
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Nedp tide 


8 At low tide [A] 

the sea recedes from 
Mont St Michel, off 
the northern coast of 
Britanny, making it 
part of the mainland, 
At high tide (BI, the 
sea surrounds it and 
it becomes an island. 
A similar feature in 
Cornwall, England, 
is St Michael's Mt 


become higher and 
the low tides lower. 
Those are called 
spring tides, Because 
of friction and iner 

tia, both spring and 
neap tides come about 
two days after the 
moon's phases. The 
graph shows the tidal 
range over the 

period of a month. 
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deep water, however, 
the water particles 


do not move up and 
down but rotate 

in circular orbits,” 
As depth increases, 
the rotations of the 


Average gravitational pull 


Actual gravitational pull 


Tide generating force 


water particles dimi 
nish rapidly. This 
is why submarines 
escape the effects 
of severe storms 


6 Water on the earth 
(Al is attracted to 
the moon [B] on the 
near side but pushed 
‘away on the far side. 
This causes tidal 
bulges at the near. 
est [1] and farthest 
(21 points, tidal 

and (4] and 
median 
points [5]. The force 
at work [red arrows] 
isthe difference 
between the moon's 
actual gravitational 
pull and its average 
pull at the earth's 
centre [6] where it 
is exactly balanced 
by centrifugal force 


The sea-bed 


The floor of the deep ocean has always fasci- 
nated man. Pluto’s legendary lost continent 
of Atlantis, “beyond the Pillars of Hercules”, 
has never lost its hold on the imagination 
although there is no geological evidence to 
support the belief that it lay south of the 
Azores, on the mid-Atlantic Ridge. 

Early knowledge of the sea-bed was 
restricted to depth soundings, taken by lead 
and line, of the areas around the known 
islands. Magellan tried - and, of course, 
failed ~ to reach the bottom of the Pacific 
with 370 m (1,200 ft) of rope. The first true 
oceanic sounding was made by James Clark 
Ross in 1840, when he measured a depth of 
nearly 3,700m (12, 140ft) with a line. 


Probing the sea-floo. 

The epic voyage of HMS Challenger which 
led to the first true oceanic depth survey was 
made between 1872 and 1876. The Chal- 
lenger expedition used soundings weights 
with tube-like cups to obtain a sample of the 
material forming the sea-floor. Thus, when 
Jules Verne (1828-1905) wrote Twenty 
Thousand Leagues under the Sea (1870), 


1 The sea-bed con 1 


sists of different 
zones, the shallowest Depth in 
of which is the 


continental shelf 
that lies between the 
coast and the 200m, 
(656ft) depth contour. 
The shelf area occu- 
pies 7.5% of the sea- 
floor and corr 


tinental crust, 
Beyond, the downward 
slope increases 
abruptly to form the 


continental 


may be dis- 
sected by submarine 
canyons. The conti- 
nental slope meuts 
the abyssal basins 
ata more gentie slope 
called the continental 
rise. The basins lie 

at depths of 4,000m_ 
(13,200ft) and show 


Continental shell 
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Continental rs 


‘Submarine canyon. 


Abyssal hills, 


Seamount 


man first developed a systematic knowledge 
of the deep sediments. Their classification, 
which was developed by the Challenger 
expedition’s geologist. John — Murray 
(1841-1914), and others who studied the 
samples after the ship’s return, has been 
improved but never completely discounted. 

Even so, the widely prevalent idea that 
the ocean floor consisted of a sandy waste 
extending for thousands of miles, dotted with 
a few islands and occupied by exotic fish, was 
gradually discarded. The early samples 
of sediment obtained by Challenger, and the 
soundings obtained on the mid-Atlantic 
which actually mapped the mid-Atlantic 
Ridge, did not lead to a full understanding of 
the variation in the extent and thickness of 
the sediments. They did not supply any scien- 
tific reasons for this variation nor was it 
appreciated that mid-occan ridges ran 
through all the world’s major oceans 

During this century, improved coring 
devices greatly enlarged the collective 
knowledge of oceanic sediments 

The actual topography of the deep ocean 
has been revealed by echo-sounding using 


Mid-ocoan ridge 


sonic or ultra-sonic signals. Scientists can 
calculate the depth of the water by noting 
how much time passed between sending the 
signals and receiving the echo. Since the 
1940s seismic methods have also been used; 
they have shown that the ocean floor is made 
up of hills, volcanic mountains, island com- 
plexes — of which the islands are only the vis- 
ible tips - and of huge and complex sub- 
marine mountain chains, with median rift 
valleys, faults and numerous flanking ridges. 


‘The continental shelf 
If one walks down a pebbly beach, the peb- 
bles usually give way to sand, which con- 
tinues out (o sea. This is the continental shelf 
[1, 2] which may be covered by relatively 
coarse sediments or muds and silts. It isinha- 
bited by seaweeds of many kinds, as well as 
numerous animals: corals, sea anemones and 
other coclenterates, many species of bur 
rowing worms and minute colonial rock- 
encrusting animals (Bryozoa), and clams, 
mussels, oysters, scallops and other molluscs, 
There are sea-urchins, starfish, brittle stars, 
sea-cucumbers and Bottom- 


sponges. 


Island are 


Median rit valley 


‘are the regions im- 
mediately off the 
land masses. There 
are several different 
sorts, Off Europe 
and North America 
the shéif [A] has a 
gentle relief, often 
with sandy ridges 


high latitudes, 
floating ice wears 
the shelf smooth [B) 


eastern Australia 
(cl. 
inner lagoonal area 

“dammed” by the reef, 


3 Submarine canyons 
like the 1,5km (6.00011) 
deep gorge off 
Monterey, California 
BI, are found on 

the continental 

slopes [A]. They can 
be caused by river 
erosion before the 


2 Continental shelves 34 


Oceanic wench Continental sea, 


land was submerged 
by the sea or by 
turbidity currents. 
Mud and sediment- 
laden water often 
pour out of major 
estuaries scouring 
gorges out of slope 
rock and sediment. 
These canyons 
compare with the 
Grand Canyon [C} 


CONNECTIONS 


‘See also 
enanogragtic 
espiomion 

The Alianiic Ooo 


sare the polar seas 
Global feclones 
Man ure the a 
Mineral resources of 
the x00 

Conatinos 


dwelling fish such as plaice and flounder also 
live on the continental shelf 

This is the region of sand banks and sand 
waves (underwater dunes). In the North Sea, 
sand waves are formed as masses of loose 
sand move around like sand dunes in the 
desert, propelled by currents. Here, 100, vast 
oil and gas reservoirs, sometimes associated, 
as in the Gulf of Mexico, with salt domes, are 
found in the continental rocks deep beneath 
the surface sand 

AL the edge of the continental shelf, at 
about 200m (656ft) depth, the sea-floor 
begins to dip markedly down: this is the 
upper boundary of the continental slope. [tis 
dissected in places by submarine canyons [1, 
3}, in which underwater avalanches, known 
as turbidity currents, carry mud, pebbles and 
sand far out to sea and deposit them at the 
foot of the slope, on the continental rise [1], 
at depths of about 2,000m (6,560ft). Life is 
much more scarce on the continental slope 
and rise: large free-swimming molluscs 
octopuses, cuttle fish and large squid brittle 
stars, worms and strange fish are among the 
most common species 


The continental rise leads to the abyssal 
Plains ~ vast empty basins occupied by few 
even stranger fish, worms, brittle stars, and 
deep-sea free-swimming molluscs. with no 
plant life to speak of. From these plains rise 
huge mountain ranges [1]. the mid-ocean 
ridges, from 4,000m (13,200ft) deep to some 
1,000m (3,300f) below the surface with 
occasional peaks reaching the surface as 
islands. Seamounts [5] also rise from the 
abyssal plains, sometimes part of island 
chains like the Hawaii-Emperor chain in the 
Pacific, but often isolated. They are nearly all 
volcame and may be crowned with coral, 
formed when they were near the surface 


Sea-bed maps 

On the six pages following, the floors of the 
five oceans are mapped. The projections 
used were chosen to maximize coverage of 
sea areas relative to land and the colours 
reflect those thought to exist on the sea-bed. 
Continental shelves are shown in the greyish 
green of the terrigenous oozes, while the cal 
careous oozes of the deeper areas are shown 
in pale greys and buff 


4 Basalt is the rock 
most commonly found 
on the sea-floor. It is 

a lava that forms the 
bulk of the seamounts 
and ocean ridges and 
itunderlays the 
marine sediments 

in the abyssal 

plains. Submarine 
‘eruptions produce 
lumps of basalt 
“frozen” into pillow 
‘shapes (pillow lavas) 
The submarine basalt 
shown here is seen 
through a microscope. 
tshows small crys 
tals, glassy patches 
and gas bubbles now 
filled with green mica 


Terriganous 
deposits 


Slobigerina ooze 


6 Deep-sea sedi- 
ments are related to 
surface water tem. 
perature; depth and 
distance from land 
Terrigenous de 

posits consist of min 
eral particles derived 
from the weathering of 
land rocks. They are 
carried out to sea by 
rivers and winds and 
are found near the 
coasts, The deep sea 
floor is often blanketed 


Pierapod ove 


Diatom ooze 


| 


of pteropods, small 
swimming molluscs, 
form depasits of 
pteropod ooze. In 
cold seas, silica. 
shelled microscopic 
algae, the diatoms, 
thrive and form dia. 
tom ooze. In areas 
away from land and 
where planktonic 
life is scarce, atmos: 
pheric dust settles 
vary slowly as 
abyssal red clays. 


by ooze which is 
formed by the endless 
nowfall” of the 
shells or skeletons. 
of countless tiny 
planktonic animals 
and algae. Globiger 
ina and radiolarian 
‘ooze are made from 
the remains of single 
celled animals with 
calcareous and 
siliceous skeletons 
espectively. Oc 
casionally the sheils, 


‘The existence of man- 
ganese nodules on the 
deep ocean floor was 
discovered by the 
Challenger ex 

pedition. These po 
tato-sized and -shaped 
nodules form on the 
‘ocean bed by pro: 


cesses that are not 
fully understood, al: 
though o great deal 

of research is going 
‘onto find out how 
they grow. They 
consist of a rock 
nucleus surrounded by 
concentric layers of 


5 Seamounts are 
submarine mountains 
ing at least 1,000m 
(3,300ft) above their 
surroundings; they 
are nearly always 
volcanoes. Some 


down to 2,500m, 
(1.5 miles), These 
tops are often 

too large to be 
explained as ancient 
craters filled to the 
rim by sediments. 
seamounts called Thus it was proposed 
tablemounts or guyots that guyots were 
have flat tops at depths volcanoes above sea 


metal oxide and are 
of potential economic 
importance becau: 
they contain enough 
copper, cobalt and 
nickel, as well as 
manganese. to last 
the world for many 
thousands of years. 


lovel [A] which after 
extinction were worn 
flat by waves [8] 

and which then sunk 
as the sea-level 

rose or as the sea 

bed subsided [c), This 
has been confirmed 
by the presence of 
beach pebbies, 


7 Constituents of 
marine sediments in: 
clude micro-organ: 
isms and new (authi 
genic) minerals formed 
on the sea-bed, as well 
clays. Radiolarians, 


such as Calocycletta 
virginis [Al are 
single-celled animals 
with siliceous skele: 
tons. Foraminifera 
such as Globigerina 
nepenthes (B] and 
Globigerinoides ruber 
ICl are single-celled 
animals with calca 
reous shells; together 
with radiolarians they 
can be used for 
dating the sediments, 
Siliceous diatoms [E} 
and the tiny catcar 
e0us plates from fla 
gellates known as 
coccoliths (F] are 
also common. Philips 
ite [D] isa typical 
authigenic mineral 

of the deep sea. 
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Mapping the earth 


Throughout history man has recorded, anal- 
ysed and communicated information in map 
form. The oldest map in existence is engraved 
on a Babylonian clay tablet dating from 3000 
BC and like many surviving examples of early 
mapping it records land tenure. It was not 
until the fifth century BC, however, that 
Greek philosophy stimulated attempts to 
create a map of the world. Unfortunately 
these were based on philosophical theories 
rather than the geographical knowledge of 
the day. Nevertheless, in the following 600 
years Greek scholars did develop a more 
scientific approach to cartography 


At the end of the first century AD Ptolemy of 
Alexandria compiled his Geographia. In it he 
discussed the problem of representing the 
spherical shape of the earth on a plane sur- 
face and also introduced the concepts of lon- 
gitude and latitude [4] 

After Ptolemy, cartography entered a 
period of decline until the Crusades and an 
expansion of trade revived interest. A carto- 
graphic renaissance came in the fifteenth 


1 Trisngulation ise 14 
method surveyors use 
to determine heights 
and distances from a 
base line [1-2], which 
\s gonerally measured 
g acalibrated 
tape or a surveyor's 
chain. Anglos from it 
sometimes forming 
part of V's grid 
~ are measured by 
means of a theodo 
lite [3]. Detailed sur. 
veying requires a fine 
network of triangles 
{8}. These may be 
simple triangles [4) 
braced [5] of centred 
{8} quadritat 
double-centred fig- 
ures 7]; or nerrow 


depends on local 
conditions ~ braced 
quadrilaterals are 
preferred in hilly 
terrain and centred 
quadrilaterals are 
usually used in sur 
veying fiat regions, 


242 


century with the discovery and publication of 
Ptolemy's work, voyages of exploration like 
those of Vasco da Gama (c. 1469-1525) and 
Christopher Columbus (1451-1506) and the 
invention of printing and engraving. In the 
sixteenth century the work of map- 
Publishing houses in Holland and France, 
and particularly that of Gerhardus Mercator 
(1512-94), founded modern map-making. 

By the middle of the eighteenth century 
the French had initiated the first topographic 
survey. Many special-purpose or thematic 
maps have been produced since the 
nineteenth century. Their variety reflects the 
increasingly specialized demands of modern 
life, which require such aids as land-use 
maps, pilot charts and road maps. 


Modern surveying 

Small areas of the earth can be mapped by 
plane surveying but larger areas must be 
done by geodesy which takes into account the 
earth’s curvature, A variety of instruments 
and techniques is used to determine position, 
height and extent of features — data essential 
to the cartographic process. Instruments such 


3 Aerial photography 
Is one of the modern 
techniques that have 
helped the work of 
the cartographer. 
An aircraft flies 
over thi tobe 
mapped, taking a 
continuous series 

of photographs. The 
area covered by each 
photograph overlaps 
by 60% the area of 
the previous one and 
80, after processing 
any adjacent pair of 
photographs can be 
examined stereoscop. 
ically and the ralief 

of the area studied 
directly in three 
dimensions. By 

ns of an optical 
instrument the posi- 
tions of correspond- 
ing points on each pho: 
tagraph can be com- 
pared and the height 
of that point cal- 
culated. Each “run” 
of photographs over 
laps sideways by 10% 
the previous run, en 
suring total coverage. 


as graduated metal rods, chains, tapes and 
portable radar or radio transmitters are used 
for measuring distances; the theodolite [Key] 
is used for measuring angles. Using measured 
distances and angles further distances and 
angles are calculated by triangulation [1] 
Heights are determined similarly [2] 

Perhaps the most dramatic changes in 
cartography have come with the develop: 
ment of aerial survey techniques. Photo- 
graphs from satellites or aircraft are used 
together with data from ground surveys to 
map accurately large areas of the earth. This 
technique, called photogrammetry, _ is 
particularly useful for mapping remote areas 
[3], and also for mapping the earth’s natural 
resources using images produced by remote 
sensing equipment. Almost all topographic 
mapping today is done from aerial photo- 
graphs and photomaps are made from the 
aerial photographs of an area 


Map projections 
It is obviously impossible to represent accu- 
rately the surface of a sphere on a flat plane 
without distorting the relationships between 


2 Height above sea- 
level is usually de- 
termined by means of 
3 levelling instru: 
ment (1, 2, 3) anda 
Measuring rod |4~ 

10) with reference 
toa known height 

‘or bench mark [Xi], 
Level 1 sights 


onthe rod at 4 and 
then at 8. The 
instrument is moved 
to 2 to begin the 
Second stage, sight 
ing first on 5 

and then on 6, 
Finally 10 will be 
reached using stage 
3. Intermediate 


— 


CONNECTIONS: 
See 


heights are deter 
mined by placing the 
rod at 8. The 

heights of the points 
4-10 canbe related 
to sea-level [Y] 
because of the height 
above sea-level of 
the bench mark [X] 

is already known, 


4 Any point on the 
surface of the earth 
can be located in 
terms of longitude 
and latitude in 
degrees, minutes and 
seconds east or west 
of a prime meridian 
or line of longitude, 
and north or south 
of the Equator. The 
latitude of X 

(the angle between 
X, the centre of the 
earth and the plane 
of the Equator [1]) 
equals 20° while its 
longitude (the angle 
between the plane of 
the prime meridian 
2] and that passing 
through X and the 
poles [3]) equals 40° 


features on that surface. A map projection is 
a device used to plot the earth’s features with 
4 minimum of such distortion. There are a 
number of different types of projection and 
the choice of one in preference to others 
depends on the purpose of the map 

If the map is to show relatively small areas 
of the world, as in @ national topographic 
series that will be used by planners, engineers 
and the general public, then a projection 
must be selected that shows distance, angle 
and shape with the utmost accuracy For this 
reason conformal projections are chosen. If 
on the other hand the mapisto show distribu 
tion of, say, cultivated land throughout the 
world, then a projection that shows those 
areas at their correct relative size must be 
selected. Such projections are called equiva 
lent or equal area projections. 

Conformal projections are not used for 
world maps except in special circumstances 
because they exaggerate polar regions to an 
enormous extent. The Mercator projection, 
the best known example, is, however, invalu- 
able to navigators as it shows all lines of con- 
stant direction as straight lines 


5 Mapprojections 54 
are mathematical 
constructions de 
signed to maintain 
certain selected 
relationships of 

the earth’s surface, 
Some projections are 
purely geometrical 
and may be thought 
of as projections of a 
transparent globe's 
parallels and mer, 
idians on toa 
cylinder, cone or 
plane. This illus: 
tration shows the 
construction of 
cylindrical pro: 
jections (A]andhow, | 
by varying the point 

of projection, ditt 

erent types are pro- 
duced: simple cylind- 
rical [8], cylindrical 
stereographic (C} 

and cylindrical ortho: 
Graphic [0]. Mercat- 


ve 
( 


The first essential in making any map isto 
establish its purpose. The necessary data 
must then be assembled — this may be in the 
form of survey data, aerial photography, 
existing maps and written material — anal- 
ysed, evaluated and edited before any 
drafting can begin. Many factors influence 
the presentation of information in map form 
from the size of paper that can be handledin a 
cockpit or motor car to the visual preconcep- 
tions of the probable user. The cartographer 
has at his disposal all the techniques of 
graphic communication and the written word 
and he must carefully consider the pos. 
sibilities they offer when designing the map 
Various forms, symbols, lines and shading 
may be used. Contours are widely used to 
represent relief on maps [8] and provide 
accurate data; however, they give little visual 
impression of the appearance of the land- 
scape, Cartographers often use layer- 
colouring for greater clarity and spot heights 
are marked where an accurate assessment of 
height or depth is desired, or when a par- 
ticular crest or low point falls between the 
contour lines. 


o's [E} and Miller's 
projection (F] are 
both constructed 
mathematically. 


7A 


c 7 The simple conic 
Projection is con- 
structed from 9 cone 
tangential to the 
globe [A], Scale 
along the parallel 

in contact with the 
globe only - the 
standard parallel —is 
correct. Projections 
constructed from a 
secant cone [B) 

have two standard 
parallels and be- 
cause scale error 
increases away from 
them more of the pro: 
jection is nearer the 
correct scale. The 
polyconic projection 
IC], mathematically 
constructed to have 
stand. 
very accurate 
all ar 
therefore 
used for topograph- 
ic series. Alber's 
equal area proj 
tion {0} is a mod- 
ification of the 
conic projection 
with two standard 
parallels [red ine 
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A theodolite is 
essentially a tripod- 
mounted telescope on 
8 base plate that is, 


6 Azimuthal or zeni- 
thal projections are 
those produced on 
plane surfaces [A] 
Angles measured 
from the centre (the 
point of contact with 
the globe) are correct, 
However, distortion of 
shape and area in. 


marked in degrees, 
minutes and seconds 
to allow the sur. 
veyor to measure 


creases with distance 
from the centre. The 
gnomonic projection 
[8] shows all great 
circles (cireum: 
ferences of pi 
through the centre 
of the earth) 
straight lines, As 


horizontal angles. He 
makes vertical read- 
ings from an upright 
plate at the side. 


ost distances between 
two points the pro 
jection is of impor. 
tance in navigation. 
Lambert's azimuthal 
equal area projection 
[C} combines usefully 
the properties of az 
muthal projections 
and equivalence. 


8 Height and slope 
can be represented 
onamapin many 
ways, including 
hachuring [A] in 
which fine lines fol- 
low the direction of 
Greatest slope. This 
method can give an 
excellent impression 
of the landscape but 
may obscure other 
information. Hill 
shading (B], the re 
presentation of a 
landscape Wiuminated 
from one direction, 
is used alone or with 
colours. Contours 
{C] can be separated 
by colour and 
intermediate heights 
given as spot heights 


243 


The face of the earth 


an the J 


2 A “full earth’ 


The atmosphere 


The origin of the atmosphere was no doubt 
closely associated with the origin of the earth 
When the earth was still a molten ball, it was 
probably surrounded by a large atmosphere 


of cosmic gases, including hydrogen, that 
As the earth 
began to develop a solid crust over a molten 
core, gases such as carbon dioxide, nitrogen 
and water vapour were slowly released to 
form an atmosphere with a composition not 


unlike the 


were gradually Jost into space 


Present emanations from vol 
canoes, Further cooling probably led to mas 
sive precipitation of water vapour so that 
today it occupies less than four per cent by 
volume of the atmosphere. At a much later 
stage, the oxygen content of the atmosphere 
wus caused by green plants releasing oxygen 


as a result of combining water and carbon 
dioxide to form carbohydrates [Key] 
Heated from below 


Up to a height of about SOkm (31 miles) the 
composition of the atmosphere [1] is remark 
ably homogeneous, comprising a mixture of 
gases each with their own physical properties, 
Carbon dioxide 


water vapour and ozone 


1 The atmosphere 4 
shows a surprising 
variety of character 
istics on a vertical 

scale. Gravity means 
that air density and 
associated pressure 
increase near the 
surface, Pressure ot 
about 1,000 millibars 
(mb) at sea-level falls 

to virtually nothing, 

(10° mb) ata height 

of 720km (447 miles) 
Temperature also 
varies with height. fall 
ing and rising in 

several layers, ulti 
mately increasing to: 
wards outer space. 

Even the mixture of 
gases shows varia 

tions, with water va 
pour being added at 

low levels, Four 

broad atmospheric tay: 
ors can be identified 
The exosphere [1] is a 
rarefied region above 
400km (250 miles) 

with differing pro: 
portions of oxygen. 
helium and hydrogen. 
The highost aurorae 

are found in this re 

gion. The lonosphere 
[2], where charged par 
ticles lions and el 
trons) occur is a deep 
layer compromising 
the mesosphere 
and thermosphore, 
subdivided into four 
minor layers (F2, F1 
E and D). Their ion 
density has a marked 
effect on radio waves 
~ very high frequency 
waves penetrate but 
short-wave transmis 
sions are reflected, 
The stratosphere [3] 
contains small but 
vital amounts of 
ozone filtering out 
harmful solar radia 
tion, The tropo: 
sphere [4] contains 
the bulk of the at 
mosphere and all its 
weather. Together 
with the outer lay 
ersit acts asa 
particle and radia 
tion shield, Temper 
atures decrease to 
its upper boundary 
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Structures and features 


although only small constituents of the 
atmosphere, play vital roles in absorption of 
solar and terrestrial radiation, thus allowing 
life on earth, Due to the action of gravity. this 
homogencous mixture of gases is compressed 
(2] giving the highest values of density and 
Pressure near the earth’s surface: average 
surface density is 1 2kg/m* and average sur- 
face pressure is 1,013 millibars (mb) (roughly 
Ikg/em? or 1b per square inch). Ataheight 
of 16km (9 miles), pressure falls to 100mb 
and the density js less than 11 per cent of the 
density at se: 

The constituent gases of the atmosphere 
largely allow the sun's radiation to pass 
without interception, Fortunately the small 
amount of ozone, concentrated most strongly 
at 24km (15 miles) height, but in significant 
amounts up to SOkm (31 miles), filters out 
most of the ultra 


-level 


violet rays harmful to life on 
earth, If all the ozone were brought down to 
sea-level, it would form a layer only 0.2. 


cm 
(0,1in) thick. After scattering, reflection and 
some absorption in the lower, denser layers 
of the atmosphere, only about 46 per cent of 
the solar radiation reaching the upper atmos. 


10-7 mb 


Chemica! 
composition 
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phere is absorbed by the solid earth’s surface 
as heat, This input of energy raises the earth's 
surface 10 a@ mean temperature of 14°C 
(57°F), Because lower than the 
5,700°C (10,290°F) of the sun's surface, the 
earth radiates energy of much longer 
wavelengths (infra-red or heat rays) than 
solar radiation and these longer waves are 
absorbed by the carbon dioxide, water 
vapour and clouds in the lower atmosphere 
This means that the atmosphere is 
directly heated from below, not from above 
as one would perhaps expect, Just as the 
earth radiates heat, so does the atmosphere 
upwards to be lost to space and downwards to 
be reabsorbed by the earth. The net effect of 
these exchanges [3] is that together they lose 
as much heat to space as they gain from solar 
radiation, thus maintaining a balance 


this is 


Temperature distribution 

In the bottom 80 per cent (in mass) of the 
atmosphere. temperature falls with height in 
accord with the heating from below [4], This 
layer of the atmosphere, 8km (5 miles) deep 
in polar regions and 16=19km (about 11 


Incoming solar radiation 


CONNECTIONS: 
See also 


Radio wave 
Wansmiasion 


miles) deep over the equatorial regions, is 
known as the troposphere. It is characterized 
by wind speeds increasing with height, lots of 
moisture at low levels and appreciable ver- 
tical air movement, and it is generally the 
source of all the “weather” we experience 
The tropopause marks the boundary be- 
ween the troposphere and the stratosphere 

The temperature is virtually constant 
throughout the lower stratosphere but this 
layer has strong air circulation patterns a 
high wind speeds in the jet streams which are 
used (when they blow in the right direction) 
by airliners. In the upper stratosphere. above 
about 25km (15 miles), temperature gradu- 
ally increases with height to a broad max- 
imum at the stratopause. Above the 
stratopause, in the mesosphere, the tempera- 
ture begins to decline sharply with increasing 
height, to a minimum at about 85km (52 
miles). Above this level, which is called the 
mesopause, is the thermosphere where 
temperature is believed to increase to the 
thermopause at 400km (250 miles). Beyond, 
in the exosphere, the pressure drops to virtu- 
ally a vacuum ~ equivalent to that of the sun's 


2 Airis easily com- 
pressed, so the 
atmosphere becomes 
“squashed” by the 
offect of gravity, 

This results in the 
bulk (80%) of the 
atmosphere being in 
the troposphere, 
occupying a volume 


of about 6 « 10° cu km, 
As air density de. 
creases with altitude, 
the very much smaller 
amounts of air present 
inthe stratosphere 
(19%) and the iono- 
sphero and above 
(1%) occupy a greater 
and greater volume. 
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lonosphere. 
Stratonph 
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outer atmosphere in which the earth orbits. 

Within the troposphere another type of 
heat balance operates, More radiant heat is 
received than lost in tropical latitudes and the 
converse is truc in polar latitudes. This broad 
temperature gradient from equator to pole 
generates a pressure gradient in the same 
direction; warm air moves down the gradient, 
reducing temperature extremes by cooling 
the tropics and warming the polar areus [3C] 


Humidity of the atmosphere 

The water content of the atmosphere is 
primarily in vapour form, Humidity 
decreases with height [5] because water 
enters the atmosphere by evaporation from 
the earth's surface. The driest parts of the 
lower atmosphere are over the subtropical 
deserts, the wettest are over the equatorial 
and summer monsoon regions, especially 
ocean surfaces, Water is constantly being 
cycled between the earth and the atmos- 
phere. The amount in the atmosphere at any 
one time is only a fraction of one per cent of 
the total water in the planet, but it provides 
enough rainfall to sustain life on earth 


3 Temperaturesin 3 
the atmosphere and 
on earth result 
mainly from a bal 
ance of radiation 
inputs and outputs, 
Average annual solar 
diation reaching 
the earth, measured 
in kilolangleys (one 
calorie absorbed per 
‘sq cm) is highest in 
hot desert areas A) 
Comparison with the 
‘average annual long 
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Methane and 
hydrogen 


Ammonia 


Water vapour 


Nitrogen 


Carbon dioxide 
5,000 


Oxygen 


Important changes 
have occurred in the 
earth's atmosphere 
since it formed 4,600 
million years ago as 
hydrogen. methane 
and ammonia, 

Most of the primi: 
tive hydrogen was 


lost to outer space 
and large quantities 
of steam and other 
gases were produced 
This led to an atmos 
phere consisting 
mainly of nitrogen 
water, sulphur diox: 
ide and carbon diox 


ide. Photosyn- 
thesizing algae ap- 
peared 3,500 million 
Years ago to produce 
free oxygen, and 
resulting ozone made 
up an ultra-violet 
shield, permitting life 
to spread on land, 


wave radiation back 
from the earth's sur: 
face (B] shows an 
overall surplus rad 
tion for nearly all 
latitudes but this is 
absorbed in the 
atmospher 


t 
ing an overail bal- 
ance. The extreme im 
balance of incoming 
radiation between 


equatorial and polar 
latitudes is some: 
what equalized 
through heat trans 
fers by atmospher 
and oceans (C). This 
balancing transfer 
between surplus and 
deficit radiation is 
greatest in middle 
latitudes where 
most cyclones and 
anticyclones occur, 
shown at a latitude 
of 40" on the chart 


4 Atmospheric tem- 
peratures tend to de. 
crease evenly with 
increase in height and 
latitude up to a level 
called the tropopause 
at a height of about 
Skm (5.8 miles) at the 
poles rising to 18km 
(11miles) in tropics, 


5 Humidity falls with 
height in the tropo- 
sphere. Warm air 
can hold more water 
vapour than cold 

air and therefore 
the warmer mid: 
latitude atmosphere 
holds more water 
vapour than the 
colder air over the 
Antarctic region, 


Winter hemisphere 
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inds and weather systems 


Wind is the movement of air, and large-scale 
air movements, both horizontal and vertical. 
are important in shaping weather and cli- 
mate. The chief forces affecting horizontal air 
movements are pressure gradients, the 
Coriolis effect and friction, 

Pressure gradients are caused by the 
unequal heating of the atmosphere by the sun 
(1. Warm equatorial air is lighter and, 
therefore, has a lower pressure than cold, 
dense, polar air. The strength of air move. 
ment from high- to low-pressure areas — 
known as the pressure gradient — is propor- 
tional to the difference in pressure 

The Conolis effect, caused by the earth's 
folation, deflects winds to the right in the 
Northern Hemisphere [3] and to the left in 
the Southern. As a result, winds do not flow 
directly from the point of highest pressure to 
the lowest, Instead, winds approaching a low- 
pressure system are deflected round it rather 
than flowing directly into it, This creates air 
systems, with high or low-pressure. in which 
winds circulate round the centre. Horizontal 
air movements are important around 
cyclonic (lowspressure) and anticyclonic 
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1 The earth’s atmos- 
phere acts asa giant 
heatengine. Thetem- —_torrises and moves 
peratureditferences towards the pole: 
betweenthepolesand _highlevels and cold 
the Equator provide ——_polarairmovesto. 

tho thermal energy wards the Equator at 
todriveatmospheric —_jowlevelsto replace 
circulation, both it, The pattern of 
horizontalandverti- prevailing winds 
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(high-pressure) systems, Horizontal and ver- 
tical movements combine to create a pattern 
of prevailing winds. 

Along the Equator is a region called the 
doldrums, where the sun's heat warms the 
rising air, This air eventually spreads out and 
flows north and south away from the 
Equator, It finally sinks at about 30°N and 
30°S, creating subtropical high-pressure 
belts, from which trade winds flow back 
towards the Equator and westerlies towards 
the mid-latitudes of the earth 


Cyclones and anticyclones 
Along the polar front in the Northern Hemis- 
phere, the warm air of the westerlies meets 
the polar easterlies. Waves, or bulges. 
develop along the polar front, some of which 
grow quickly in size [4]. Warm air flows into 
the bulge and cold air flows in behind it. 

‘The warm, light air rises above the cold 
air along the warm front. Behind, the cold air 
forces its way under the warm air along the 
cold front. Gradually, the cold front catches 
up the warm front and the warm air is pushed 
wove the cold in an occlusion. In cyclones in 


2 World winds in 
July and January 


by cells of low pres- 
‘sure, into which air 
flows, and high:pres 
Sure cells from which 
i outwards, 
rth did not 
rotate, winds would 


the Northern Hemisphere. the air circulates 
in an anticlockwise direction (clockwise in 
the Southern). Along the warm front, a broad 
belt of cloud forms, bringing rain and some 

times thunderstorms. The cold front usually 
has a much narrower belt of clouds. Clouds 
and rain normally persist forsome time along 
occluded fronts. 

The circulation of air in anticyclones isthe 
reverse of cyclones, being clockwise in the 
Northern Hemisphere and anticlockwise in 
the Southern. Many anticyclones are formed 
in warm, subtropical regions by sinking air. In 
winter unticyclones form over continental 
interiors in temperate latitudes asa result of 
the cooling of air 


How monsoons occur 
Monsoons [2] are seasonal reversals of wind 
direction. The most celebrated monsoon 
occurs in India, where the generally northerly 
winds of winter are replaced by generally 
southerly winds in summer. The summer 
winds contain a lot of water vapour. which 
falls in heavy rain storms. 

Another reversal of winds on a local scale 


blow directly from 
high-pressure cells, 

to low-pressure cells, 
But the Coriolis ef 

fect causes winds to 
be deflected tothe 
rightin the Northern 
Hemisphere andtothe 
left in the Southern 
Hemisphere, Wind pat 
terns are remarkably 
constant between 


summer and winter 
westot Af 
But, inthe east, va 
iations are caused by 
monsoons (reversals 
‘of wind flows), Mon 
soonsarise fromthe 
ingot 
Sea. For ex 
ample, dry winds blow 
outwards in winter 
across india from 
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‘See nino 


the cold high-pressure 
system over southern 
Siberia, insummer, 

the land heats quickly 
anda low-pressure 
system develops over 
northwestern In 
Moist, southeasterly 
trade winds are 
drawn into this 
syatom, bringing, 
heavy rainfall 


H High prosiure 
L Low pressure 


complicated by the 
rotation of the 
earth, (which causes 
the Coriolis affect), 
by celis of high: 


pressure and low- 
pressure systems 
(depressions) and by 
the distribution 


oflandand sea 


3 Aweather chart 
showsa “iow” orde- 
pressiontothesouth 
of Iceland anda 
“high” or anticyclone 
over southern Portu- 
gal and Spain. The 
isobars join points 
with equal atmos- 


are in millibars (1,000 
millibarsisthe 
equivalent of about 
750,1mm (29.53in} of 
mercury), Because 
winds are deflecte 
they circulate 
anticlockwise dit 
tion round a “low 
and clockwise round 
ahigh” inthe 
Northern Hemisphere, 


occurs with land and sea breezes. Sea breezes 
spring up on warm days along sea and lake 
shores when a pressure gradient is estab- 
lished between the rapidly heating land and 
the less rapidly heating water. As a result, 
winds blow on to land. At night, the land 
cools faster than the water, so a reverse gra- 
dient reverses the wind 


‘Thunderstorms, hurricanes and tornadoes 
The most common storms are thunderstorms 
[6]. About 45,000 occur every day, in both 
temperate and tropical regions and pre- 
Tequisites for their formation are strong, 
rising air currents. As the air rises, it is cooled 
and latent heat is released as condensation 
occurs, The release of heat provides energy 
that intensifies the upsurgence of air and the 
development of the storm. The condensation 
causes cumulo-nimbus clouds to rise some- 
times more than 4,570m (15,000ft) from 
their buse to their top. These clouds bring 
with them rain and hail and, sometimes, 
thunder and lightning, 

Hurricanes [5], also called typhoons or 
tropical cyclones, form over warm oceans. 


where 9 cold 


develop. 


the warm air is 


masses of different 


row band of chang- temperatures and 
ing weather lying humidity. When the 
between two air two air masses meet, 


mass 
‘moots 3 warm air moss 


The sir masses spiral 
round 9 bulge em 
cold and warm fronts to 


Eventually, the cold 
merge. and 


litted up or occluded. 


They have fast spiralling winds which may 
reach 240-320knv/h (150-200mph). ‘The 
calm centre, or eye, contains warm subsiding 
air, The eye may be between 6,5 and 48km (4 
and 30 miles) across. The hurricane itself 
may have a diameter of 480km (300 miles), 
The warmth of the air in the eye contributes 
to low air pressure at the surface. Warm, 
moist air spirals upwards around the € 
Condensation creates cumulo-nimbus clouds 
and releases latent heat which further 
increases the upward spiral of air. Hurricanes 
are especially destructive along coastlines 
where storm waves and torrential rain cause 
destruction through flooding. 

Tornadoes [Key] are violent whirlwinds, 
but they cover a far smaller area than hur- 
ricanes. A tornado forms when a downward 
growth starts from a cumulo-nimbus cloud 
When the funnel-shaped extension of the 
cloud reaches the ground, it may be between 
50-500m (164-1,640ft) wide. It crosses land 
at speeds of 32-65km/h (20-40mph) and 
usually dies out after 32km (20. miles), 
although a few are known to have travelled as 
far as 480km (300 miles) 


ng, 


5 Hurricanes consist 
of ahuge swirl of 
clouds rotating round 
acaimcentre-the 
eye~where warm air 
is sucked down. Hur- 
ricanes may be 400km 
(250 mites) in diam 
eter and they extend 
through the tropo 
sphere, which isabout 
15-20km (9-12 


cumutonimbu: 
arranged in bands 
round the eye, the 

tallest forming the 
wall of the eye. Cir- 
rusclouds usually 
cap the hurricane, 


6 Astorm cloud or 
‘cumuto-nimbus has 
developed along a 
cold front. These 
clouds occur when the 
airmassisunstable 
over a great vertical 
distance, Air moves 
upwards in a convec: 
tion current and 
cooling causes con- 
densation, Flat anvil 
shaped cloud heads 
mark the level where 
stability is re-estab- 
lished. Cumulo-nimbi 
are formed along 
frontsorinover- 
heated areas. In de- 
pressions, a line of 
cumulo-nimbu: 
marks the front and 
thunderstorms and 
violent squalls occur. 


each pushes against 
the otherto 

form a cold, warm 
or occluded front. 


Hurts 
winds 


Key 


Hundreds of torna- the Midwest. They ind causing gres 
does strike the may last for several damage. At the centre 
United States each hours, travellingup winds may reach 

year, especially in 10.480km (300 miles) 6 44km/h (400mph), 


Weather 


feather" in anybody's language means 
rain and sunshine, heat and cold, clouds and 
wind. Humidity and visibility might be added 
to the list. In fact, if not in terminology, this 
layman's catalogue comprises the six ele- 
ments which, for the meteorologist, make 
weather: in his language they are air 
temperature, barometric pressure, wind vel- 
ocity, humidity, clouds and precipitation. 


Cloud formation 

Clouds are made up of millions of very small 
drops of liquid water or ice crystals that are 
too light to fall out of the atmosphere. The 
cloud particles form from air that contains 
Water vapour when the temperature falls to 
a critical level called the dew-point. These 
liquid droplets may then freeze into an 
ice crystal. But before either water or ice 
particles can form, two things must happen. 
First, the moist air must rise, reducing its 
Pressure and giving up its heat to the sur- 
Tounding atmosphere, Second, dust particles 
must already be present on which the cooled 
vapour can condense to form droplets or ice 
crystals, These tiny particles are respectively 


1 The different viewed from the south 
cloudtypesarebest —_asit moves from 
illustrated within west [left] to east 

the context of the {right} 

familiar mid-latitude mature prior 


frontal depression, 
Most of the major 
types occur within 
such cyclones. Here 
schematic, general 
ized Northern Hemi- 
spheredepression is 
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tothe occlusion 
stage, and both warm, 
{1}and cold (2) 

fronts are clearly 
visible. Overthe 
warm front, which 
may have a slope 


called condensation nuclei and ice nuclei 

The formation of a cloud does not neces- 
sarily mean that it will precipitate. Condensa- 
tion cannot create droplets or crystals that 
would survive the fall to the ground. They 
would evaporate even if they were large 
enough to overcome the force of the rising 
air. Two other mechanisms, the Bergeron or 
ice-crystal process, and the coalescence pro- 
cess, account for precipitation-sized parti- 
cles. In clouds that contain both ice erystals 
and droplets of supercooled water (water at a 
temperature less than 0°C), the droplets 
evaporate and the vapour condenses on to 
the ice crystal. Thus the crystals grow at the 
expense of the droplets until they are large 
enough to fall out of the cloud. If they melt on 
the way down (as frequently happens), rain- 
fall is observed at ground level. If the cloud 
contains no ice crystals, precipitation part 
cles grow by the coalescence of different- 
sized droplets as they fall through the cloud 
The larger a drop becomes, the more efficient 
itis at collecting smaller ones and the greater 
its chance of reaching the ground. 

The two basic shapes of clouds ~ in layers 


ranging from 1/100to 
1/350, theair rises 


area often associated 
with such cloud types, 


nimbo-stratus, usually 
lies ahead of the 


results ina fairly surface warm front 
complete suite of and roughly parallel 
layer-type clouds toit(6]. Turbulence 


ranging from cirrus 
{3} and alto-cumulus 
[4]t0 nimbo: 


may cause some, 
clouds to rise and pro- 
duce heavy convective 
rainfall, as well as 


or in heaps ~ are caused by the two different 
ways in which ir can move upwards. When 
air rises slowly over large areas at rates of a 
few centimetres a second, layer or stratified 
clouds are formed. This frequently occurs in 
cyclones, particularly in warm sectors and at 
warm fronts. Rapidly rising air (several 
metres per second) occurs in convection cur- 
rents which are usually only a few hundred 
metres across near the ground. These cur- 
rents widen with altitude but the resultant 
heaped or cumuliform clouds ure rarely more 
than a few kilometres across. If the atmos- 
phere is unstable they may grow into very 
large cumulo-nimbus clouds 

The easiest way to identify a cloud [1] is 
by its shape and height above ground. This 
was recognized by Luke Howard, a London 
chemist, in 1833 when he presented his first 
cloud classification. This still forms the basis 
of the World Meteorological Organization's 
International Classification of ten cloud 
types, which fall into three families according 
to their height. The highest clouds — about 
8-10km (5-6 miles) —made of ice, are called 
cirrus, cirro-stratus and cirro-cumulus; the 


ulus clouds [7] are 
often found inthe 
cold air behind the 
front. At the front 
itself the atmospher 
is often quite un: 


and more widespread 
classical warm front 
rainfall. Stratus 

often occupies the 
warm sector, buta 


marked change occurs stable and cumulus 
atthe cold front. clouds grow into 
Herethewind veers ——_ cumiulo-nimbus form: 
(biowingina ations (8). Thecan- 


more clockwise 
direction) and cum 


opy of cirrusclouds 
ofalltypes~may 
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extend over the whole 
depression and is 

often juxtaposed with 
the anvil 
nimbus, 


temperature and 
humidity changes as 
the fronts pass 


the individual ob- 
server onthe ground. 


a 


middle clouds ~ 3-8km (2-S miles) —of water 
and ice, are called alto-cumulus and alto- 
stratus; and the low clouds - below 3km (2 
miles) ~ usually made of water, are called 
Stratus, strato-cumulus and nimbo-stratus 
The two remaining types are cumulus and 
cumulo-nimbus. There are, however, many 
Variations on these ten types. Rarely is a 
cloud seen in isolation or conforming exactly 
10 its textbook form: clouds of different types 
Occur together and, as a result many hybrid 
forms are to be found 


Sun, wind and humidity 
Long periods of sunshine are, of course, 
marked by clear skies, which usually result 
from sinking air in anticyclones. The longest 
Periods of sunshine occur in the polar 
Summer when the sun never sets, but the 
highest intensities and temperatures occur in 
the main deserts of the world which lie 
roughly at the latitudes 30°N and, The daily 
‘maximum temperature in these areas may be 
more than 35°C (95°F), falling ta below 
freezing at night 

Wind speed and direction at low levels are 
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2 Repeated coalesc- 
ence of droplets [1] 
forms drops [2] too 
largetofloaton 


air currants. Ice 
crystals collect in 
hexagonal patterns 
[3] then agglomerate 


5 ACampbell- 
Stokes recorder 
registers the dura 
tion of sunshine. A 
glass ball focuses 
the sun's raysonto 
2 specially prepared 
piece of cardon 
which a trace is 
burnt as jong asthe 
sun shines brightly, 
The instrument must 


be orientatedtothe 
noonday sun atan 
angle determined 
from the deciination of 
the sun. Three sets 

of grooves inthe 

bow! behind the glass 
sphere will accommo: 
date the different 
cards which are used 
for summer, winter 
and the equinoxes, 


affected by friction between the air and the 
ground and by local topography. Friction 
means the wind speeds near the ground are 
generally less than at high levels and it also 
accounts for the generally higher speeds over 
water as compared with the rougher land sur- 
face. Air flow is often channelled in both val- 
leys and urban areas. 

There are several ways of expressing the 
humidity of the air but relative humidity is 
the most widely used. This is the percentage 
of water vapour actually held in a given 
volume of air relative to the amount that the 
air could hold if saturated at the same 
temperature. In middle latitudes the daily 
values usually lie between 60 and 80 per cent, 
but they can range from 8 to 100 per cent 


Fog, a modern menace 

Visibility has assumed a great importance in 
our communications-conscious world. Fog 
[3], which is cloudy air at ground level, pre- 
sents dangers to aircraft, ships and motor 
vehicles alike. It can also affect the man in the 
street; if fog becomes contaminated with 
pollutants it may become lethal smog, 


The structure of 
hurricane may be 
difficult to discern 


at ground level but 
trom a satellite in, 
orbit the pattern of 


airmovements 
involvedcan 
be clearly seen. 


3 Advection fog is 
caused by warm, 
damp air blowing over 
cold land or water 

In warmer latitudes, 
heat risesto warm, 
the air above (upward 
blue arrows), When 
the air passes into 
cooler areas, itloses 
heat (blue arrows and 
upward red arrows) 
and as the tempera 
ture of the air 

reaches dew point, 
fog gradually forms. 


4 Radiation fog 
occurs when airis 
cooled to its dew: 
point by contact with 
land that has itself 
been cooled by long: 
wave radiation loss 
long brown arrows). 
Asthe ground cools, 
surrounding air 
transfers heat by con- 
duction [short brown 
arrows), The cooling 
of theairis shown 

by the grey arrows, 


into snowflakes. 
Water can freeze 
round an ice em. 
bryo [4] to form hail 
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Too cool for comtort 


6 Human beings can 
tolerate only 
certain ranges of 
temperature and 


7 The power of the 
wind to erode and 
transportis well 
seen in this photo: 


humidity. Evenwithin graph of an approach: 
theseranges, other ing dust stormin 
elements such as the Midwest of the 
sunand wind are United States of 


needed to produce 
comfortable conditions 
inwhich people 

can live and work. 


America, These 
storms occur only 
inarid areas where 
the soilis loose. 


Forecasting 


Day-to-day weather depends on the move 
ments of huge air masses, which take their 
characteristics of temperature and humidity 
from the land or water surface beneath them 
and shift slowly over the surface of the earth 
Some are virtually static, providing steady 
weather conditions for days or weeks on end 
in their areu of origin. These produce, for 
example, the constant, predictable weather 
of tropical deserts and and the 
heartlands of the great continents. Other air 
affected by the earth’s rotation 
and, as a result, they move and swirl rapidly 
interacting in different ways with neigh 
bouring masses. These provide the change 
able weather of temperate latitudes, which is 
much more difficult to predict accurately 


oceans 


masses are 


Fuctors that influence the weather 

To predict the weather over a particular ares 
F must first know the pattern of 
air masses that overlies it at any given time 
Then he must try to predict how the pattern 


the forecast 


will change during the period of forecast 
usually the next few hours or days — drawing 
on his experience of the ways in which similar 


3 The synoptic chart ° 
is compiled from data 1 or less 
collected overawide @ 2 
area. The circles in: a3 
dicate weather stations @ 4 
and the symbols ds 
showweathercondi: @ 6 
tions at a particular © 7 or more 
time ~the synoptic @s 


Sky obscured 
Doubtful data 


hour, The cloud cover 
symbols show 


fraction, in eighths, i 
of the observable sky Mist WEATHER 
is covered by clouds. 3 Drizzle 

The numbers by the $ Ra nd dele 
ymbols on the map Le 

indicate the air temp- va aon 
erature in degrees songs 

centigrade, and wind Naik showenr 
directions shown by £ Rain and snow 

an arrow from the shower 
Appropriate direction % Snow shower 

ahd the speed in knots 

by the fletches. From Hel shower 
pressure and wind K Thunderstorm 
feadings,the analyst 
draws in a series of 2 Calm wing) 
ng points of equal | 3.7 

pressure) which pro- (SO a.t2 

Vide ful pleture a7 


of the horizontal 


Gold front 
flow of surface winds. 


cou] ‘eae 


Warm front 


patterns have changed in the past 
Weather forecasting originated in the 
observations of farmers and sailors, whose 
especial interest caused them to watch the 
weather closely and discover the patterns 
underlying it. Even in temperate regions this 
is not as difficult as it may seem at first. For 
example, much of western Europe’s weather 
depends on a west-to-east procession of cy 
clones or depressions, and the passage of 
fronts” ~ planes of contact between neigh- 
bouring air masses of differing temperature 
and humidity. Fronts that bring the worst 
weather lie generally in the southern half of 
the depressions. An observer who sees the 
barometer falling and notices a change of 
wind (often veering to the southwest accom 
panied by a thickening and lowering of cloud 
from high cirrus to cirro-stratus, alto-stratus 
and nimbo-stratus), is keeping track of th 
movement of a depression and warm front 
He can predict fairly accurately the sequence 
of weather that will arise from it, and even the 
speed with which the changes will take place 
Similarly, a rising or high and steady 
barometer, with clear skies and light breezes, 


usually means that an anticyclone has 
formed. This often brings clear. steady 
weather for several days until the next 


depression moves in to replace it 


The forecaster at work 
The professional forecaster begins his work 
by preparing a synoptic chart [3], that is, an 
accurate map of the weather prevailing at the 
time over a large area surrounding his posi 
tion. In this he is helped by observations from 
many surface stations, which come to him 
through teleprinter and radio networks. 

There are more than 8,000 surface sta- 
tions providing this service round the world 
they include mountain outposts, ships : 
polar bases and automatic (unmanned) units 
which record the weather and send inform 
tion out at regular intervals. 

In his synoptic chart the forecaster plots 
pressure, wind cloud types 
humidities and pressure tendency, and makes 
@ note of past and present weather. This en 
ables him to draw in isobars (lines connecting 
points of eq 
the position of fronts. Knowing the wea 


sea. 


temperature 


al atmospheric pressure) and 
ther 


CONNECTIONS: 


Wind = - ~e_ 
© 
oO Sunshine aa 
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Pressure 


1 Red skies at night, 
as shepherds have 
long known, usually 
indicate good weather 
for the next day, while 
red skies at dawn may 
mean foul weather be. 
dore the day is out. 


These observations 
are not infallible but 
often make meteoralo: 
gical sense. Red 
skies in the evening 
are caused by the 
scattering of light 

by dust particles in 


the atmosphere and 
are found in anti 
cyclonic conditions 
of calm, stable 
weather. Dust tends, 
to settle during the 
night and so a red 
sky in the morning is 


more likely to be due 
to scattering of light 
from water droplets 
ina damp atmosphere 
at low levels. Moist 
conditions such as 
these indicate that a 
depression is forming, 


2 Analysis and fore 
casting require simul 
taneous, standard and 
regular observations 
at many stations. The 
international, standard 
ised weather station 
includes a variety of 
equipment. The Ste 
venson screen [1] is a 
box that shelters 
thermometers and 
other instruments 
from suntight; it con, 
tains wet- and dry 
bulb thermometers 
and recording instru 
ments. Open land [2] 
allows the state of 
the ground to be as 
sessed. A grass mini 
mum thermometer {3] 
records the lowest 
ground temperature 
during the past 24 
hours, The anemo: 
meter and arrow [4] 
show wind speed and 
direction, The Camp: 
bell-Stokes sunshine 
recorder or radio- 
meter [5] records 
hours of sunshine. 
Radiosonde balloon 
(6) and theodolite [7] 
show wind speed and 
direction, and other 
data from high altitude 
A rain-gauge [8] re 
cords the amount of 
precipitation, The 
Weather office also 
has a barometer and 
barograph, to record 
atmospheric pressure, 


picture, and the rate at which it is changing 
then able to predict what the weather 
will be like pin the near 
future. His work is nowadays made easier by 


upper-air 


he 


1 any point on his mz 


observations (taken by weather 


balloons with radiosonde attachment) and 
photographs from weather satellites [6] that 
give him an astronaut’s eye-view of patterns 
Much of the forecaster’s work of plotting and 
analysis has been automated and mathemat 
ical analysis plays an increasing role in fore 
casting as more accurate data from all levels 
of the atmosphere become available 


Short-term and long-term forecasting 

Short-term forecasting is still of great impor 
tance to farmers and sailors, and the safety of 
many millions of airline passengers depends 
on There 


rm forecastit 


it cach year is also an increasing 
covering 
periods of from five days to six months ahead 


Different techniques of 


demand for long 


nalysis are required 
for this kind of forecasting, In areas of the 
world where the climate varies little from one 
year to another, 
statistical methods are 


comparatively simple 


the 


used to relate 
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4 Basic mathematical 
Models are designed 
to forecast the altitude 
of a pressure surface, 
usually about 500 or 
600 millibars (mb). 
From them, air flow 
at that level can be 
defined and the future 
position of cyclones 


way as ground maps 
surface heights are 
plotted by calculation 
Over a grid. This 
method is suitable for 
large-scale forecast 


character of one season to the next as a basis 
prediction, More  v climates 
demand more sophisticated methods and 
detailed research into the nature, origins and 
movements of air masses. Recently, analysis 


for able 


of relationships between the atmosphere and 
the ocean have been of great value to long 
range Britain's predominantly 
maritime climate depends on air masses that 
have passed over the ocean, and anomalously 


forecasters. 


cold or warm patches of ocean can have 
marked effects on weather to come 


The first attempt to co-ordinate 
meteorological observations on an interna 
tional basis was not made until 1853, when 


the major 
system of observations over the 
oceans to help navigation. In 1878 the 
International Meteorological Organization 
(IMO) was set up to keep a constant watch on 
the weather. In 
tinued to improve during the years th 
lowed, and in 1951 the IMO was reorg: 
the World 
Organization (WMO), which was recognized 
by the United Nations 


maritime nations formulated a 


weather 


ernational co-operation con: 
t fol 


nized 


to become Meteorological 
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Television brings the 
daily weather forecast 
into viewers’ homes. 
From internationally 
collected data, the pre 
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have provided photo 
graphs of clouds since 
1960, with steady im. 
provement in photo: 
graphic quality and 
coverage, A sequence 


of photographs 
showing developing 
cloud patterns greatly 
helps the work 

of the forecaster 


Senter prepares a sim 
plified synoptic chart 
On this he explains 

the pressure situation, 
discusses the position 


RHI 
7 Radar helps to lo- 
cate rain clouds. Sig 
nals are reflected by 
raindrops and ice par 
ticles, registering 

on the Plan Position 
Indicator (PPI 
showing the patter 
over an area, or on the 
Range Height indi 
cator (RHI) showing 


the vertical distribution 


and movement of 


fronts and predicts the 
kind of weather to be 
expected during 


the next few hours. 


5 Accurate weather 
forecasting involves 
the processing 
arge quantitie 
data that flow 
the weathe 
day 
of computers an 
plotting machine: 
allows forec 

to handle the data 
more rapidly, Recent 
developments ir 
plotting machinery 
display p 

data in map forrr 
or plotting table 
Here both types 
output are show. 
sobars can be inter 
polated from the 
pattern of figures 
left], or the isobars 


The introduction 


e printer 


can be computed and 
drawn in automat 
ally (right). These 


technique 
duce maps like th 
one in seconds 

rather than hours 


an pro 


The brightness of 
the echo shows the 
intensity of precipi 
tation. Rangemarkers 
(radiating from the 
centre of the PPI 

and bottom left of 
the RHI) are in miles 


while heights (on the 
Fight of the RHI) 
are shown in 
thousands of feet 


253 


Climates 


The climate of an area is its characteristic 
weather considered over a long period. Cli- 
mate depends first on latitude, which deter- 
mines whether an area is hot or cold and how 
strongly marked are its seasons. It depends 
also on the moving air masses that prevail in 
the area; these may be purely local in origin 
or they may have moved into the area from 
several hundred kilometres away, bringing 
cooler or warmer, wetter or drier conditions 
with them. Climate is also influenced by the 
relative distribution of land and sea, high 
ground and low, and the presence nearby of 
forests, lakes, valleys, glaciers and many 
other physical factors. 

On a world scale, macroclimate is defined 
primarily in terms of temperature and rainfall 
and the world can be divided into large 
climatic zones on this basis. On a smaller 
scale, humidity, wind strength, aspect in rela- 
tion to the sun and other local features deter- 
mine local climate. On an even smaller scale, 
microclimate refers to the conditions in a par- 
ticular woodland or under a particular stone. 

The range of climates can be broadly 
grouped under three headings, according to 


latitude, Tropical climates are hot and domi- 
nated by equatorial air masses throughout 
the year, Temperate climates of the mid- 
latitude zone are variable, dominated alter- 
nately by subtropical and sub-polar air 
masses, and usually seasonal, Polar climates 
of high latitudes are uniformly cold, under 
the continuous control of sub-polar and polar 
air masses and strongly seasonal. 


Characteristics of tropical climates 

Because of constant daily sunshine, equa- 
torial and tropical regions are warm through- 
‘out the year and the moving air masses that 
affect them are also warm (6, 7]. The wettest 
regions lie in a belt of shallow depressions 
and convection formed where the trade 
winds meet. This belt shifts north and south 
seasonally on either side of the Equator, but 
temperatures vary only slightly and rainfall is 
irly steady throughout the year. Monsoon 
climates of India, South-East Asia and China 
occur where seasonal winds blow from 
almost opposite directions; warm, moist 
winds alternate with warm, dry ones, giving 
cloudy, wet “summers” and drier “winters” 


Dry, tropical climates occur in broad zones 
on either side of the Equator between 
latitudes 15° and 30°. These are anticyclonic 
areas of warm, dry air, where cloudless skies 
bring strong sunshine and little rain except in 
rare torrential thunderstorms, 


‘Temperate climates and their features 

The middle latitudes of both hemispheres are 
battlegrounds where warm subtropical and 
cool sub-polar air masses jostle for position. 
The day-to-day battle-lines are the warm and 
cold fronts of the weather charts, which tend 
to occur along broad frontal zones. On the 
‘equatorial side of these zones warm air is pre- 
sent for most of the time. The zones shift 
north and south with the seasons so that an 
area such as the south of France may bask 
reliably in subtropical air throughout the 
summer but suffer occasional draughts of 
cold sub-polar air in winter, On western 
flanks of the continents in the warmer zone 
the air tends to be dry, bringing hot, dry sum- 
mers and mild, damper winters — the 
“Mediterranean” climate of California, 
southwestern Australia and the eastern 
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HimTopical rainy climates Ory climates Eiomperate climates — Humid cold climates = Polar climates 

{Siimate ona global —Asystom in wide use recognizes five major climates. Eachcate- The maplocatesthe _result of the stable mates occurs, This 
scale presents abe- today is that of W. climatic categories, gory is defined in hot, wet tropical rain high pressures there. _is less complex over 
wildering variety and Koppen (1846-1940), each quite distinct, rms of temperature forests of South The deserts are the huge continental 
has provided would-be a German biologist | These are equa and some intermsof — America. Africaand — moreevident inthe _—_ areas of Siberia and 
classifiers with 9 who devoted most of torial and tropical rainfalltoo. Koppen _the Far East, Far- Northern than in North America, par: 
challenge for more —_his fe to climatic rain climates, also devised additional ther away fromthe the Southern Hemi-__ ticularly in tundra 
thanacentury, The problems and modified dry cl symbols for times of Equator the world's sphere, mainly bo- and boreal region: 
‘most generally accep- his own system many Year inwhich most great deserts, domin- cause of the exter The extreme polar 
ted classifications times before he was of the (mainly) broad- rainfalls and other —_—_ated by the Sal sive southern highland climates 
reflect the close links satisfied with leaf forest zone, climatic qualities straddle subtropical (dissimilar but with, 
‘that exist betwee The Koppen system humid cold that affect the latitudes and the edges common features) 
vegetation and climate of class climates and polar growth of vegetation, of the tropics, occupy smaller areas, 
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Mediterranean itself. Eastern flanks of the 
continents draw moist, unstable air from over 
the sea; they tend to be warm all year, with 
frequent thunderstorms in summer. 

In higher latitudes, farther from tropical 
influences, cool sub-polar air masses prevail 
A procession of cyclones or depressions, 
swinging eastwards round the earth, brings 
moist maritime air to the western flanks of 
North America and Europe. Britain and 
western Canada stand in _ prevailing 
southwesterlies, giving mild, cloudy and 
damp conditions in winter and summer alike 
Alternating air masses from the eastern 
continents bring cold, clear winter and hot 
dry summer weather, and air from the north 
is usually cold and crisp. Central and eastern 
regions of the continents tend to be drier 
with colder winters and hotter summers 


The cold, dry polar climates 

Nearer the poles are climatic regions con 
trolled by polar air masses [2]. Despite brief 
sunny summers they tend to be cold and dry 
throughout the year. The broad boreal zone 
is forested, the tundra zone supports shrubs, 
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rough grassland and mosses, The true pol 
climate, which covers the northern fringes of 
Canada, Europe and Asia and the whole of 
the Antarctic continent, is generally too cold 
and dry to support any but the most meagre 
and hardy vegetation. The coldest regions of 
the Northern Hemisphere lie in the heart- 
lands of northern Canada and northeastern 
Siberia, where winter temperatures fall well 
below —30°C (—22°F), On the high polar 
plateau of Antarctica summer temperatures 
are about —30°C (~22'F), while winter tem- 
peratures average ~70°C (—94°F) or lower. 
Geological evidence suggests that the 
modern situation in which different parts of 
the globe have certain well-defined climatic 
Patterns is unusual. In past ages climate 
tended to be fairly even over most of the 
earth's surface. For example, the Permian 
Period 280 million years ago was charac. 
terized by extensive desert areas over most of 
the continents and Jurassic sediments 195 
million years old show evidence of warm, wet 
conditions in most places. The present pat 
tern may be due, in part, to the fact that the 
carth is still recovering from the last Ice Age 
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Arctic Bay 11 metros above 


level (asi) 


4 The Canadian city 

of Vancouver has @ 
mid-latitude maritime 
climate, with warm 
summers and mild win 
ters, Monthly temper. 
ature ranges are 
greater in summer, 
precipitation is 
highest in winter. 


5 A Mediterranean 
climate is typified by 
Rome [Al and its en 
virons [B}, with hot 

dry summers and warm 
moist winters, Simi 

lar latitudes, of western 
USA, South America 
and Australia, enjoy 


similar climates. Rome 115 metres as! 


; TT] i 
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Timbuktu 301 metres ast 


Key 


The seasons are pri 
marily controlled by 
the rotation of the 
earth round the sun 
and the inclination 
of the earth's axis 
to the plane of ro- 
tation. Inclination 


2 Polar climates, as 

in Arctic Bay [A]. 

are very cold and dry 
Only three months of 
summer are frost-free 
[B), There is little 
Precipitation but much 
surface water due to 
poor drainage and 
low evaporation. 


3 A continental cli- 
‘mate is found in Cal 
gary, Canada, Tem: 
Peratures there are 
high in summer and 
low in winter; annual 
Precipitation is low, 
This type of climate 
Supports grasslands 
and cereal crops. 


6 Hot deserts, near 
Timbuktu [A] for 
example, show little 
‘annual variation of 
temperature but ex. 
treme monthly vari 
ation (8), The scarce 
rainfall occurs as a 
Fesult of conve 
tional summer storms. 


7 An equatorial cl 
mate, that of Manaus 
in central Amazonia 
for example, is typi 
fied by high, constant 
temperature through 
out the year and 

very heavy rainfall 
There is no dry 
season, although the 
evel of rainfall may 
vary from time to time. 


2) March 


23 September 


of 23.5" means that 
the sun is directly 
over the Tropic of 
Cancer (23.5°N) on 
22 June and over the 
Tropic of Capricorn 
(23.5°S) on 22 Doe: 
ember. At the equi 
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Manaus 44 metres asi 
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22 Docomber 


noxes, 21 March and 
23 September, the 
sun is over the 
Equator. The sun's 
apparent movement 
is accompanied by a 
similar shift in belts 
of pressure and wind, 
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Shapes and structures of crystals 


Most solid matter is composed of crystals. 
Table salt and sugar are perhaps the most 
obviously crystalline substances in common 
use, but even substances such as clay and 
steel are made up of crystals. It is often dif- 
ficult to recognize that a substance is erystal- 
line; the basic regularity of its true form is fre- 
quently masked because a number of minute 
crystals aggregate to produce no particular 
shape. 

Many minerals however, crystallize in 
nature in set shapes, and well-formed crystals 
can be grown artificially. The science of 
crystallography began when the Danish 
scientist Nicolaus Steno (1638-86) disco- 
vered in 1699 that the angles between the 
faces in different quartz crystals are constant 
In 1783, the Frenchman Jean-Baptiste Louis 
Rome de I'Isle (1736-90) established that the 
angles between the faces of a crystal are 
characteristic of the substance of which it is 
formed. Another Frenchman, the abbot 
René Just Haily (1743-1822), explained that 
the angles between the faces are constant 
because a crystal is composed of tiny identic 
blocks of substance (known today as unit 


3 Chalcopyrite 4 Calcite (calcium 
(copper iron sul carbonate) crystal: 
phide) belongs tothe izes in the trigonal 


tetragonal system. 
The unit cell isa 
straight prism on 
a square base. 
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system. The unit 
cell is like a cube 
stretched along a 
solid diagonal 


cells) packed together in a regular array. He 
also described the seven basic crystal systems 
(2-8] and the principles of their symmetry. In 
1912, crystallography became an important 
branch of science with the discovery by the 
German physicist. Max von Laue 
(1879-1960) that the internal structure of 
crystals could be revealed by X-ray diffra 
tion [9], The principles of this method were 
largely developed by William Henry Bragg 
(1862-1942), a Briton, and his Australian 
son, William Lawrence (1890-1971). X-ray 
analysis of metals has since given us an 
understanding of the properties of alloys, and 
the determination of the structure of nucleic 
acids and proteins an insight into the work 
ings of the body 


Crystal lattices and crystal systems 

Within a crystal, particles (atoms, ions or 
molecules) are arrayed in similarly oriented 
identical unit cells [1] to make up a lattice or 
network of particles. For example, the unit 
cell of a crystal of halite (common salt of 
sodium chloride) can be considered asa cube 
[91] with eight chloride ions [red] at the cor 


5 Beryl (beryllium 
silicate) beiongs to 
the hexagonal system, 
The unit cell is 

a hexagonal prism. 


7 Augite, a calcium 
magnesium, iron, y 
alumino-silicate of 

the pyroxene family, 
crystallizes in the 

monoclinic system 

The unit cell is a 

straight prism of a 
parallelogram base. 


ners plus another six at the centres of the 
faces. Twelve sodium ions [black] lie at the 
centres of the edges of the cube and one more 
in the centre of the cube itself. All the parti- 
cles except the central ion are shared by the 
adjacent unit cells, 

The external shape of a well-formed cry- 
stal reflects precisely the symmetry, although 
not necessarily the shape, of the unit cell. The 
unit cell of sodium chloride is a cube, but the 
erystal shape of halite may be either a cube or 
some other form with the same kind of sym- 
metry, such as an octahedron, 

The elements of symmetry that can be 
found in crystals are axes, planes and centres. 
A unit cell or erystal has an axis of symmetry 
if it can be rotated by an angle of less than 
360° and produce an identical configuration 
A plane of symmetry is like a mirror; on 
either side of the plane, the shapes of the unit 
cell or crystal are mirror images of each other. 
A centre of symmetry is such that every fea- 
ture of a crystal or unit cell is repeated upside 
down on the other side of the centre at an 
equal distance from it, Combinations of these 
elements give rise to 32 crystal classes, which 
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1 Crystals are a 
formed by the regular 
repetition of identical 
building blocks. The 
regularity of the 
three-dimensional 
array is described 

by the lattice, here 
hexagonal [A] and 
simple cubic (8). The 
pictures show how the 
smallest possible 
building block, the 
unit cell, can be 
stacked to reproduce 
the crystal. Within 
the unit ceil there 
may be one or more 
atoms, or ions, or 
molecules, The sim: 
plest crystals, such as 
copper. silver and 


gold, have asingle 2 Pyrite (iron sul 
atom in the unit cell. _phide) crystaliiz 
Inorganic crystals may cubic sy: 


The unit cell is such 
that all the axes are 
‘of equal length and 
the angles between 
them are 90°. Of the 
seven crystalline 

systems, only the 


have up to, perhaps, 
100 atoms or mole. 
cules, and organic 
compounds such as 
proteins may have up 
to 100,000 atoms 
within each unit cell, 


5 6 Topaz (aluminium 
silicate and fluoride) 
+ belongs to the ortho 
rhombic system. 
The unit cell isa 
straight prism on 
@ rectangular base. 


CONNECTIONS 
See also 


cubic one does not 
polarize light pass: 
ing through it. 
Cubic crystals some: 
times exhibit the 
related octahedron 
id dodecahedron 
shapes. Garnet, 
halite and fluorite 
are also cubic. 


as 


8 Chaleonthite. 3 
form of blue hydrated 
copper sulphate, 
belongs to the tri 
clinic system. The 

unit cell has three 
axes of different 
lengths, none of which 
is at right-angles. 


can be grouped into one of the seven diffe 


rent crystal systems 


X-ray diffraction 
X-rays are used to determine the shape and 


size of unit cells and the positions of the par 


ticles within them because X-rays have 
wavelengths of the same size as the distances 
between adjacent parallel lattice planes in 


crystals. A rotating single crystal is irradiated 
in a homogeneous X-ray beam [9A]. The 
beam is diffracted (bent) as it passes between 


he particles in 


Jjacent planes [9B], act 
if it were reflected from the planes, 


and 
interference produces a pattern of varying 
inten: at is recorded on a cylindrical 
photographic film [9A] or a flat plate [9C] or 
by detecting instruments. At maximum 
ntensity, the distance d between the planes, 
the wavelength d of the X-rays and the angle 
of the incidence 0 of the beam on the planes 
are related by Bragg’s law: A= 2d sin 0. By 
using X-rays of known wavelengths and 
measuring the angles of incidence 
diffraction occurs, i 


es tl 


at which 
is possible to calculate 
the distances between the plane the 


9 X-rays are scattered 
n various directions 
by crystal lattices, 
depending on the 
distance between 
the lattice planes. In 
diffraction appara 
tus [A], the source [1 
generates single 
wavelength X-rays 


tohitan oriented 
crystal [2] ona rev 
ing support [3] 
Diffraction occurs as 
the beam passes be 
tween the lattice 
planes [8] in accord: 
ance with Bragg's law. 
The diffracted rays are 
in phase at certain 


11 Crystals grow 
by precipitation out 
of a supersaturated 
solution or a cool: 
ing melt. The atoms 
or ions coalesce into 
tiny seeds” around 
which further parti 
cles build up the lat 
tice layers. If alum 
powder is dissolved 
na little hot wate: 
a drop of sulph- 
id and placed 
in ajar as shows 
alum crystals will 
row as the solution 
cools. Slower cool 
ing gives larger crys: 
tals. Cooling molten 
sulphur causes the 
formation of 
sulphur crystals 


sizes and positions of the particles 

ynthesis (a mathematical computation) of 
the many diffracted X-ray intensities yields a 
contour the ions in 
molecule or unit cell of a crystal [13] 


Fourier 


picture of the atoms or 


The properties of crystals 

The size and configuration of crystals in a 

metal affect its mechani 

behaviour, fatigue and resistance depend on 

the crystals. Impurities in the lattice, in 
oncentrations of only a few parts per 

housand million, account for the electrical 


al properties: stress 


Properties of semiconductors. The magnetic 
Properties of many materials are influenced 
by the internal disposition and shapes of crys 
tals, Some crystals respond to vibrations by 
generating electricity (piezo-electricity) and 
this is the principle behind some record 
player pickups; the 


ultrasonic t 


converse is used in 
insducers and radio-tuning and 
clock-regulating crystals. Transparent crys 
tals of all systems except the cubic rotate the 
plane of polarized 


Crystal shapes, when 
apparent, are rel 
ated to the under. 
lying lattice forming 
them, but the same 


lattice can produce 
different shapes. 

The dogtooth calcite 
shown here has the 


lceland-spar calcite 
shown in illustration 4, 
Both types of crys: 
tals have the same 
internal symmetry 


light. Polaroid polarizing 
sheets or glasses (as used in sunglasses) con 
tain very small oriented crystal 


10 Stereographic 
projection represents 
a three-dimensional 
crystal as a two 
dimensional figure, 
The mathematics are 
quite complex but in 
theory the crystal is 
placed at the centre 
of a sphere and lines 
drawn from its centre. 
perpendicular to each 
face, are extended to 
the surface of the 
sphere {A]. The points 
30 produced at the 
equator of the sphere 
and over the northern 
hemisphere are then 
connected to the south 
pole. The points at 
which these connecting 
lines cut the equatorial 
plane form a pattern. 
This pattern is the 
stereographic projes 
tion of the crystal [C] 
In any crystal the 
angles between the 
corresponding faces 
are always equal no 
matter how distorted 
the crystal may be, 

and so the stereo: 
graphic projection 
will always be 

the same. Hence the 
two distorted crystals 
of quartz [B], despite 
the differences in size 
of their corresponding 
faces, will produce 
the same projection, 


angles, producing rows 
of spots on a cylin. 
drical photographic 
film [4] or curved 
lines of spots on a flat 
plate (C. Different 
planes [0] with dif 
ferent orientations 
may exist within 

the same crystal 


12Thecoloursof 12 
mineral crystals in 

a thin section of rock 
viewed through 

a polarizing mi 

scope can help to 
identify the minerals 
in that rock section 
Polarized light 

(light vibrating in one 
plane) passing through 
the microscope and 
through the thin sec 
tion is distorted by the 
internal structure of 

the erystale and theso 
distortions give rise to 
the colours observed. 
In this example the 
large yellow crystals 
are of pyroxine while 
the small grey ones 
are of felspar 


13 An electron 
density map is like 

a contour map, 
showing not the 
height of mountains 
but the distribution 
of electron density 
within the atoms, ions 
or molecules that 
make up the crystal 


The map is derived 
mathematically, using 
the intensities and 
positions of the X-ray 
diffraction spots, A 
large number of rings 
implies a lot of 
electrons ~ either an 
atom or jon - or 
several seen end-on. 


Earth’s minerals 


A rock is not a homogeneous mass of mate- 
rial with a constant chemical composition 
throughout its bulk. If a rock is examined 
closely it is seen to be made of many compo- 
nents, each quite different from the others 
and usually forming discrete crystals. These 
individual components are the minerals. 

The economic minerals such as precious 
stones and the ores of useful metals are those 
that usually come to mind when minerals are 
mentioned, but these actually represent a 
small part of the mineral kingdom. The 
largest components are the rock-forming 
minerals, the building blocks from which the 
earth's crust and all its rocks are constructed 
These can be so attractive, with their great 
variety of crystal shapes and range of colours, 
that finding and collecting minerals has been 
4 popular hobby for thousands of years. 


‘The constituents of the rocks 
Minerals are defined as naturally occurring 
inorganic substances made up of one or more 
elements, Most have a constant chemical 
composition and are usually crystalline {1} 
There are exceptions to this, however. Some 


minerals, such as opal [1B], are non- 
crystalline and in others the chemical 
composition varies: in olivines and pyrox- 
enes, for example, the proportions of mag- 
nesium and iron atoms are not constant 

The quantities of the earth’s elements are 
reflected in their relative abundance in mine- 
rals. The element oxygen is most abundant, 
thus a large number of minerals contain 
oxygen. Haematite [7] is an oxide of iron. 
Silicon is the next most abundant, so silica, 
the oxide of silicon, plays a large part in the 
composition of minerals. Quartz (2. 3] can be 
pure silica and is an extremely common 
mineral but the silica is more often found in 
combination with other elements to produce 
the numerous rock-forming minerals known 
as silicates. Olivine, for instance, isa common 
silicate mineral in igneous rocks where no 
pure quartz is present and consists of silica 
combined with varying amounts of iron and 
magnesium, Other groups of minerals found 
are compounds of sulphur such as anhydrite, 
gypsum [13] and galena [9] and carbonates 
such as calcite and malachite [1C. 12] 
Occasionally, as with native copper and gold 


[8], 2 mineral has only one element 
Many minerals crystallize from the 
molten state. The overall composition of 
magma, the molten material from which 
igneous rocks are formed, is fairly constant 
but when it starts to solidify the minerals that 
crystallize out vary greatly from place to 
place. The resulting rock has a composition 
very different from that of another rock 
formed elsewhere from the same magma 


The formation of minerals 
Olivines have a high melting-point so they 
end to crystallize first from a cooling magma 
Once crystallized they may sink to the 
bottom of the magma chamber and leave the 
rest of the liquid deficient in iron and mag- 
nesium. Other minerals such as felspar [3, 
148], in which sodium, calcium, potassium 
and aluminium combine with what silica is 
left, then crystallize out, leaving a cooling 
magma with yet another composition that 
solidifies into even more minerals. 

Some minerals are formed in sedimentary 
environments. For example, when seawater 
s in restricted basins the salts dis- 


i 


CONNECTIONS 


See also 
Shapes and 
stuetwes of 
crys 

Gans ee ser 
Precious sores 

Tra rock oye anc 
grmous rocks 
Searmentary 3nd 
metro races 
Minaral resources ct 
mere 

‘Minors! resources ot 


3 The last minerais 
to crystallize | 
rock are crowded 
by the others and 
are xenomorphic ~ 
unable to assume 
their normal exter- 
nal crystalline 
form, They have 


although the inter 
nal crystalline 
lattice is retained, 
This section of 
granite contains 
xenomorphic quartz 
crystals [shown 
grey] surrounded 
by automorphic 


—"G 


1 Acrystal is a are minerals ~ sugar 
solid in which the [Al is a crystalline 
Molecules, atomsor organic substance 
ions are arrango Opal [8] is an "amor 
along regular and phous” mineral with 


repetitive lattices, 
ts external shape 
its 
symmetry, 
Not all crystals. 


out a crystalline 
internal structure 
Calcite (C], as 
‘most mineral 

is crystalline, 


5 Minerals of dif 
ferent chemical 
composition may 
possess identical 
lattice structures 
1d will have: 
similarly shaped 
crystal faces under 
normal circumstan- 
ces, This is called 
isomorphism and is 
shown for calcite 
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[A] and soda. 
nitre [B] crystals. 
Because of a near 
similarity in size 
the ions of iso. 
morphic minerals 
can readily sub- 
stitute for each 
other in the struc- 
ture of a crystal 
if they are also 
chemically similar 


2 Where » mineral 
such as quartz 
grows unimpeded it 
shows its typical 
“automorphic 
shape, with plane 
faces that reflect 
the internal 
lattice struc 
ture of itn atoms, 


4 Pseudomorphism is 
the replacement of 
‘one mineral with 

an external crystal 
shape by another 

that is in every 

way identical in 
shape and volume, 
but not in internal 


@- 
@.x 
6 Compounds that 
can assume more 
than one crystal- 
line structure are 


said to be polymor- 
phous and they form 


and temperature at 
the time of form- 
ation, Kyanite, 
sillimanite and 
andalusite are three 


different kinds of different crystal 
minerals, The type types and minerals 
of crystal lattice of the same sili- 
in which the com- cate compound 
pound will crystal: that is common in 


lize is determined metamorphic rocks. 


irregular shapes 


The quartz shown is 
forming # pseudo: 
morph of a fluorite 
crystal that was 
dissolved. The quartz 
would normally form 
a six-sided prism 

but has filled the 
octahedral shape 

of the fluorite 


@ Oxygen 


© Aluminium 


Serer 


solved in it are crystallized out and form 
sedimentary rocks consisting of minerals 
such as halite (sodium chloride) and gypsum 
(hydrated calcium sulphate). 

Other minerals form under metamorphic 
conditions where the minerals of rocks 
already formed are altered by heat or 
Pressure to produce new minerals. Kyanite 
(an aluminium silicate) is found in schists 
formed under great pressure while andalusite 
(which has the same chemical composition) is 
formed when rocks are altered under condi 
tions of moderate heat and low pressure [6] 

Related to the metamorphic minerals are 
those formed by metasomatism - the move- 
ment of hot fluids from igneous bodies 
through rocks already present. Quartz is 
often formed by these movements as well as 
by the more usual process of direct 
crystallization from a molten magma [3] 


Mineral identification 

There are many different ways in which 
minerals can be recognized and identified 
even by an amateur, The crystal shape is the 


best clue, but it is rarely well defined because 


7 Mineral identifi- 
cation seldom needs 
the complexities of 

2 laboratory and is 

in fact an easy 

and fascinating 
hobby. Haematite, an 
iron ore, is identi 
fied by its colour. 
hardness and density, 
Rubbed against 

4 piece of ungiazed 
china, it leaves a 


dark red stre: 
Itscratches glass 
but is not scratched 
by a knife. I 
isheavy, In further 
tests, powdered and 
heated in a blue 
(reducing) flame it 
becomes magnetite 
and will be picked 
up by a magnet 
after cooling. 
Heated in concen. 


the minerals usually suffer from the effects of 
weather before they are studied, or lack defi- 
nite shapes due to being formed too close to 
other growing crystals, Akin to this is the 
way a mineral breaks, the fractures formed 
ing related to the crystal lattice 
‘The hardness of a mineral is significant in 
identification and can be determined by the 
mineralogist; he finds out whether the 
mineral can be scratched by a number of 
different substances whose hardnesses are 
known. The colour is not usually definitive 
because impurities almost invariably creepin 
to the mineral as it is formed and discolour it 
But when a mineral is scratched against a 
white surface it leaves a streak of colour that 
is usually distinctive. The lustre - the way in 
which the light is reflected from the surface 
is different in different minerals, Quartz hasa 
glassy lustre while mica [14C] can be pearly 
or metallic in appearance 

These diagnostic features are used by the 
geologist and amateur collector in the field to 
make tentative identifications. It is only when 
the specimen is back in the laboratory that its 
chemical composition can be investigated. 


trated hydrochloric 8 
acid it will dis. 
solve and colour 
the acid rust. Cut 
into thin sections 
in laboratory tests 
itwill be shown 
to be black or 

red in transmitted 
fight, but bright 
‘and matallic 
when exposed to 
reflected light. 


12 Malachite is a 
copper carbonate. 
Carbonates, which 
are second only to 
silicates in abun- 
dance, are formed 
by carbon, oxygen 
and one or more 
metals and 
sometimes wat 


made of a sulphur 
oxide combined with 
a metal; gypsum, 
which also con- 

tains water, is the 
most common, Barite 
can assume shapes 
like the "desert 
rose” shown here, 


KEY 


An open-pit copper 
mine in Montana, 
USA, produces ore 
in the form of the sul: 
phide minerals of cop. 
per. Where an ex: 
ploitable mineral oc. 


8 Gold — like silver 
copper and sulphur ~ 
is a naturally 
occurring native 
element found in 
igneous formations 
but at such low 
concentrations that 
it can hardly be 

Said to be an ore 


curs near the surface 
itcan be extracted 
inthis way; once 
the overburden of 
soil and rock is 
removed the expo: 
sed ore is blasted 


9 Galena is lead 
sulphide; sulphides 
are formed by the 
combination of one 
or more metals 


n 


10 Oxygen combined 


with one or more 
metals forms the 
‘oxide minerals. 
Cassiterite (SnO,), 
3 reddish-brown 
mineral with a 
distinctive, pyramid 
ended structure, 
istin oxide. 


loose or ~if soft 
‘enough — scooped 
up by machinery. 
Minerals such as 
bauxite, iron and 


gypsum are mined 
In open-cast pits, 


a 
with sulphur and pro- 
vide many commer- 
cially valuable ores. 
Galena is widely 
used in electronics, 


11 Rock salt or 
halite is sodium 
chloride, a mineral 
found in thick 
deposits precipi 
tated during the 
evaporation of 
shallow seas and 
lakes, such as those 
in Utah, USA. 


14 Silicates are by 
far the most common 
and important rock 
forming minerals, 
Their basic frame: 
work is the tetra 
hedron formed by 
silicon surrounded 
by four oxygen 
atoms. These 
tetrahedrons can 
form chains asin 
asbestos [A], sheets 
asin mica [C] and 
three-dimensional 
structures asin 
orthoclase felspar 
[B) and quartz 
Felspars are 

the most abundant 
of rock-forming 
minerals in the 
earth’s crust. 
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Gems and semi-precious stones 


Gems are valued by man for their beauty, 
rarity and durability. The most precious gems 
are naturally occurring minerals such as 
diamonds, emeralds, sapphires and rubies, 
Some organic substances are also considered 
to be gems: amber is a fossil resin, coral is 
made by tiny sea creatures and pearls are 
formed from nacre, the iridescent substance 
forming the inner layer of many sea shells, 
especially the oyster. Fashion often deter- 
mines the popularity of gems. Jet, a hard, 
shiny black fossilized wood, was widely used 
in jewellery in the years after 1861, when 
Queen Victoria was in mourning 


Formation of gems 

Gems that are of inorganic origin and occur 
as natural minerals are formed in several 
different ways. Many gems are found in 
igneous rock, that is, rock formed directly 
from magma that has welled up from the 
earth's interior and solidified beneath the 
surface, As magma cools, the elements tend 
to separate into regions where they form 
different minerals. Pockets of gases and 
superheated water often dissolve many ele- 


© Diamond 


Turquoise 
Pegmatite gems 
= Malachite 
Zircon 

& Lapis Ineuli 
Am 


® Rhodochrosite 
Garnet 

© Gordiarite 

0 Quanz 

© Opat 

‘4 Chaleadony 
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A Amethyst 
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1 The gem-producing 
regions of the world 
are shown on the 


2 The Kimberley 
Great Hole is a di 
used diamond mine 
300m (1,000#t) 

deep. Diamonds were 
found at Kimberley 

in 1871 and some 
three tonnes of gems 
were removed before 
work ended in 1909, 


‘emerald ai 
a8 precious stones; 
all the other gems, 
are classed as 
semi-precious stones. 
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ments; these finally cool and combine to form 
Precious or semi-precious minerals. Pegma- 
tites— light-coloured, coarse-grained igneous 
rocks ~ are formed by superheated gas and 
water and they often contain stocks of gems 
including beryl, quartz, tourmaline and 
felspar. Gases in the cooling pegmatites help 
form minerals such as the fluorine-bearing 
topaz and tourmaline [6] 

Other gems are formed when heat, 
Pressure or chemical action alter the struc- 
ture of existing rocks causing them to 
recrystallize or re-form in different ways as 
metamorphic rocks. Olivine [14] (also 
common in lavas), emerald and garnet [7] are 
found in metamorphic rocks. Great heat and 
pressure were probably responsible for 
diamond formation from carbon in kimber- 
lite [3]. Many gem materials, including 
diamond, are found as crystals or rolled peb- 
bles in alluvial gravels of river beds, 


Properties of gems 
Gem minerals can be identified by a number 
of qualities such as the shape of the uncut 
crystals, their colour, hardness, refractive 


3 Diamonds are made 
by intense heat and 
pressures in volcanic 
plugs or kimberlite 
pipes, deep below the 
earth's crust [A]. As 
pressure increases 
gas collects in fi 
sures and explode: 
forming a hollow in 


[B]. Diamond-bearing 
kimberlite wells up, 
the fissures [C] to 

fill the cavity [D). 

The kimberlite may 
above 

face [E]. Shafts 
sunk for easier 
access to it [F] 


index and specific gravity (density). A gem’s 
value is established by rarity, brilliance, 
purity, colour and hardness. Demand also 
determines the value of a gem; diamonds are 
in constant demand for industrial use as cut- 
ting instruments as well as for jewellery 

One of the main factors that determines 
the beauty of a gem is its properties with 
regard to light — namely, how light is 
reflected, refracted (bent) and dispersed 
(split up) into the spectrum by the gem. Each 
stone has its own refractive index. This index 
is measured by dividing the sine of the angle 
of incidence (the angle between the ray of 
light and the normal, which is a line drawn 
perpendicular to the surface) by the sine of 
the angle of refraction. Of all natural gems 
diamond has the highest index of refraction 
Its ability to disperse white light gives the 
diamond its special fire, or flashes of spectral 
colour and characteristic brilliance 

The colours of diamonds are generally 
due to a lattice defect in the crystal and rarely 
to trace elements. Most other gemstones are 
coloured by metal oxides that are either 
impurities or components. Colour, however, 


4 A rough diamond is: 
‘cut to shape along the 
cleavage planes [A] 
The: rst 
grooved [B] and then 
cleaved with a blade 
[C] until a workable 
shape [0] is obtained. 
Cutting is done first 
with a coarse |E] and 


then a fine [Fi sawto 
give the final shape 
IG. H. 1. J}. Polis! 
ing is done on a lap 
Ik], covered in dia. 
mond powder, produc 
ing the facets [L, Ml 
that reflect light from 
the interior giving the 
stone its fire [N] 
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5 Synthetic gems are 
produced by a flame- 
fusion process, known 
Verneuil’s method, 
atter the inventor 
Alumina powder in 
the container [1] falls 
into the chamber (2) 
Oxygen [3] mixes 

i lumina 
and carries it to t 
tip of the torch [4] 
where it burns with 
hydrogen entering 
through the tube [5] 
Inthe intense heat 
produced, the fine 
alumina particles 
fuse into gem drop. 
ets and fall onto a 
support [6] on which 
the body of the gem 
|s being formed [7] 


SO 


is the feature that gives many gems their spe- hardest of all natural substances, It is about = 
cial quality. The transparent red ruby [13] 90 times harder than corundum, which rete, 
and the blue sapphire [15] (both of which are _as nine on the scale. Some gems are quite soft 
forms of a normally dull, grey or colourless and are valued for other properties, 
mineral called corundum), the green 
emerald, a form of the mineral beryl and the Polishing and cutting of gems 
yellow topaz are all admired because of their ‘The beauty of gems is greatly enhanced by 
Pure tints. Opaque or cloudy gems such as skilful cutting and polishing [4], for this 
opals depend entirely upon their colour to removes the surface flaws and heightens the 
make them attractive colour or brilliance of a stone. The oldest 
Specific gravity is the weight of the form in which gems were cut was a rounded 
mineral compared with the weight of an shape called cabochon, a French word for 
equal amount of pure water. Diamond, for head. The cabochon is used for stonee 
example, has a specific gravity of 3.52 which showing the effects of chatoyaney (cat's- 
means that it weighs 3,52 times an equal eyes) and asterism (star-stones), which are 
amount of pure water, whereas amber has a caused by reflections from inclusions 


The largest cut dis- 
‘mond in the world is 
the Star of Africa, 
weighing a little 

over 530 carats. It 
came from the biggest 
diamond ever found, 
the Cullinan. This 
stone, found in 1905 
inthe Premier mine, 
South Africa, was 
named after Thomas 
Cullinan, chairman of 
the mining company 
Itweighed 3,106 
metric carats (0,60kg 
{1.3ib}) but was cut 
into two large stones, 
seven medium, and 96 
smaller stones, The 


specific gravity of 1.07. The weight of a Faceting — first started by Indian cutters largest of these, the 

diamond is usually expressed in carats~one polishing small facets on diamonds . soon hewsmene te Biliah 

carat is equivalent to 200 milligrammes. became applied to other stones. Thus Crown Jewels in the 
Hardness ensures durability and accord- evolved the brilliant, step and mixed cuts, Tower of London, 


Another diamond in 


ingly the most valuable gems are stones that which depend on various facets being ground thiscollestione 


will wear for a long time. Hardness is mea- and polished in symmetrical arrangements on the Indian diamond 
sured on the Moh’s scale, which consists of the stones. The facets on a diamond are cut Koh-i-noor (Mountain 
numbers from one to ten, indicating the rela- and polished in one operation but other pre- of Light), which was 
tive hardness of substances. The diamond has _cious stones have their facets first ground and = PD) Braintesoty ine 
ahardness of ten on this scale and isby farthe then subsequently highly polished . East India Company 
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7 Garnet (A), the 8 Amethyst [A], the 9 Aquamarine (A), 10 Diamond [A}, the 11 Emerald (Aj. the 
birthstone for Jan: birthstone for Feb one of the March April birthstone, birthstone for May, 
vary, symbolizes ruary. symbolizes birthstones, sym symbolizes innocence. represents love, Erm 
faithfulness. Gar. sincerity. Amethysts _bolizes cou Diamonds are pure ——evald is a gem 
§ Most gems aremin- complex boro-silicate. nets are formed trom are a form of tra Aquamarines area —_—_crystalized carbon quality, rare green 
eras. Lapis lazuli Organic gems include silica and two metals _parent quartz (8 blue or blue-green (8). the hardest nat- variety of the min. 
[Alis the name coral |] (the skele: IB). Those with with a violet or variety of the min: ural substance, South —_eral beryl! [B). The 
given to a rock fons of coral polyps) aluminium andmag- purple colour, They _eral beryl [8]. The Africa is the main best emeralds occur 
rich in lazurite. andamber (Cl which —_nesium arethe prized —_are mined in USSR best are mined in source. The most in Colombia in 
Tourmaline (D]is 1s a fossil resin ruby-red pyrope ‘andSouth America, Brazil andthe Urals. _—_prized are colourless. South America 
2A 13A 14A 15A 16A 7A 18A 
8 
- 
= 
12 Pearl (Al, one of 13 Ruby (4), the 14 Peridot [Al is 15 Sapphire |A|, the 16 Opal (Al is the 17 Topaz [Al the 18 Turquoise (Aj, the 
the June birthstones, July birthstone, rep-_one of the birth September birthstone, October birthstone. birthstone for Nov. birthstone for Decem 
symbolizes health, fesents contentment. stones for August. It _represents clear It symbolizes hope. ember, symbolizes —_ber, represents 
Pearls are organic Ruby isared variety symbolizes married __ thinking. Sapphire, Opals are a form fidelity. The most prosperity. Turquoise 
gems produced of the hard grey or happiness. Peridots ike ruby, Is a var- of hydrated silica prized varieties are ——_is a hydrous copper. 
mainly by oysters colourless aluminium are a transparent lety of the mineral {8]. The most prized —_yellow, Topaz is aluminium phosphate 
{8} from nacre, the oxide mineral, cor- green variety ofthe corundum [B]. It Specimens are the so: a mineral compound —_[B] sometimes con: 
iridescent substance —_undum [B]. The finest mineral olivine |B], occurs in many col called black opals of aluminium, silica taining iran. The most 
forming the inner rubies, from Burma, which is a magne. ours but the most found in Australia, and fluorine (B). It prized colour is sky 
layer of the shell arecoloured a deep —_sium-iron silicate, valued are blue. The — whichshow flashes —_is found mainly in blue and comes from 
Pearls are prized bluish-red by a finest come from best kinds come from —_ of several iri Brazil, USSR and Iran. Its name 
for their lustre. chromium impurity, — Burmaand Thailand,  Burmaand Thailand. _doscent colours. the United States. means Turkish stone, 
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The record in the rocks 


The earth's rocks form a tattered and frag- 
mented manuscript of our planet's past 
Although sketchy in places, the historical 
record can be traced nearly 3,800 million 
years back in time. This date corresponds to 
the age of the oldest known rocks, The 
sedimentary strata in particular are ideal 
signposts through the past since their features 
identify the circumstances under which they 
were deposited and made into rocks 


Clues to the past 
The record of geological history, as pre- 
served by sedimentary rocks [1], is known as 
the “stratigraphical column”. It refers to the 
otal succession of rocks, from the oldest to 
the most recent, The study of its disting- 
uuishing features is the science of stratigraphy, 
which deals with the definition and 
interpretation of stratified sedimentary 
rocks. 

The science of geology was rescued from 
the futile perusal of biblical texts for clues to 
the earth’s past by the exposition of the prin- 
ciple of “uniformitarianism” by the Scottish 
geologist James Hutton (1726-97). This was 


1 Thesedimentary = + 
cycle begins when 
sediment 
metamorphic or 
Igneous racks are 
thrust towards the 
earth’s surface, at 


their history, by 
mountain building, 
folding and faulting 
or the vertical up- 
lift of land freed 
from the weight of 


glaci ranice 
age. Rock that 
becomes exposed 

to the chemical and 
mechanical agents of 
weathering will be 
rapidly eroded and 
deposited in new 


isms, Accumulating 
sediments possess 
characteristics that 

can positively 

identify the environ- 
ment and the kind of 
rock found in their 


of origin. They 
also acquire fea 
tures that are clues 
to their environment 
of deposition, be it 
desert, swamp, lake 
bottom or sea-shore. 
Thus, black shales 
derived from finely. 
graded silt and mud 
can indicate a warm, 
humid climate and 


Motamorphiam 
and hision 
gentle conditions of 
deposition. As 
loosely deposited 
sediments build up 
they are transformed 
into hardened rock. 
The newly formed 
rock may be subjected 
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propounded in Hutton’s work, Theory of the 
Earth, published in 1795, and maintained 
that the nature of present geological pro- 
cesses was fundamentally similar to those of 
the past and that rock folds and tilts revealed 
in strata were caused not by violent 
upheavals, such as earthquakes, but by 
gradual pressures within the earth. Unifor- 
mitarianism implies that the characteristic 
features of erosion (wearing down of rocks) 
and the transportation and deposition of 
sediments produced by erosion are the same 
throughout history. Since these features can 
easily be recognized in sedimentary rock laid 
down millions of years ago, past events are 
best interpreted in the light of what is known 
about the present. In Hutton’s words, “the 
present is the key to the past” 


Superposition and correlation 

The fundamental concept of stratigraphy is 
the law of “superposition”, which states that 
in any horizontal, undisturbed sedimentary 
sequence, the lowest rocks are older than 
those lying above them. This law applies not 
only to the relative ages of different strata but 


Erosion 


also to the minerals and fossils found within a 
specific layer. Lower-lying ones were depo- 
sited before those above them. Superposition 
is essential to establishing the comparative 
ages of the various beds in sedimentary 
formation and is the single most important 
prerequisite of geological mapping. In 
archaeology the same principles apply 
Artefacts and fossils found in deeper layers of 
earth predate those in layers above them. 

Igneous rocks (formed from molten 
magma), unlike sedimentary ones, are not 
laid down in neat successive layers. They can 
reach their underlying positions only by fil- 
tering up through existing formations while 
still in a molten state. These intrusive rocks, 
such as granite, gabbro and diorite, are 
always younger than the rocks that surround 
them. However, when they reach the surface 
to form lavas — such as basalt, obsidian and 
rhyolite (igneous rocks of very fine texture) ~ 
they are, as are sedimentary rocks, always 
younger than the rocks below them 

Since the complete _ stratigraphical 
column has never been discovered in any one 
site (it would have a thickness of many hun- 
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Deposition 


tofurther pressure glaciers (4), wind 
and heat and become {13}, waves [18] and 
metamorphosed or —_ gravitational etf- 


even melted and fused ects [17]. Transpor. 
into igneous rock, tation is performed 
Agents of erosion in- _by glaciers [5], 

clude rivers (1), rivers [6], wind [21] 
rain [2], frost (3), and ocean currents 


Lithification 


along shorelines [13] 
and by decelerating 
wind [11] and melt- 


[20], Sediments may 
be deposited in 
rivers [7], deltas 


{9}, lagoons [10), ing glaciers (8), 
lakes (12), deserts Shells (24), plant de: 
114], coral reefs. bris [25] and remnants 


(15), shallow and 
deep seas [16, 22), 


2 The Grand Canyon 
of Colorado reveals 
‘a massive section of 
the geological his- 
tory of the earth, 
Here, the swift- 
flowing Colorado 
River, laden with an 
estimated daily bur 
den of some 500,000 
tonnes of debris, has 
gouged a scar 1.9km 
(1.2 miles) deep in 
the surrounding 
plateau. This ero: 
sive activity has 
been continuous 
since the Tertiary. 
The gradual but pro 
longed uplifting of 
the area caused the 
Colorado to cut a 
deep canyon in order 


of other living or- 
ganisms [23] may be 


to maintain its 
graded profile. in 

the canyon’s plung- 
ing walls, hundreds 
of metres of sedi- 
mentary strata are 
exposed, consisting 
largely of marine 
limestones, fresh- 
water shales and 
wind-deposited sand- 
stones. The lowest 
Palaeozoic rocks rest 
unconformably upon 
a basement of plutonic 
and metamorphic 
Precambrian 

rock. The granites 
and schists of 

this rock are the 

roots of ancient 
mountains, their 

Tops long ago eroded 


added to sediments 
during deposition. 
Lithification (hard- 
ening process) occurs 
by compaction (28), 
cementation [27] and 
recrystallization of 
fragments (26). 


away, Radiometric 
datings have estab: 
lished these rocks 

‘as being some 1,600~ 
1,800 million years 
old. Even a cursory 
inspection of the 
canyon is almost a 
complete course in 
palaeogeology. Here 
can be witnessed the 
successive ages when 
submergence, uplift, 
erosion, deposition 
and folding and fault 
ing have occurred in 
the plateau. The 
fossil record ranges. 
from primitive algae 
and trilobites 
through dinosaurs 

to remains of early 
camels and horses 


i 


dreds of kilometres), assembling its highly 
fragmented sections in correct order requires 
geological detective work to correlate widely 
scattered beds of rocks, 

The most obvious tactic is to follow the 
layers of a specific outcrop as far as possible 
This method is usually only possible over a 
limited area since erosion, deposition and 
folding or faulting will tend to interrupt or 
obliterate rock outcrops [3]. Another 
‘method of determining the extent of a forma- 
tion is by searching for various similarities in 
the rocks. Various features of deposition, 
weathering and mineralization all identify 
rocks that belong to the same formation 
Correlations can also be established by com- 
Paring vertical sections of rock 


Using fossils as clocks 
Fossils are an excellent tool for correlation 
[2]. The most useful are those that are widely 
distributed but limited in their vertical range, 
thus indicating that they flourished for 
relatively brief periods of time. These arc 
known as index or guide fossils 

As living organisms have always under 


5 Entire istands 
have been built by 
small organisms, 
corals and algae. 
The wreath-shaped 
reef and sheltered 
lagoon of a coral 
atoll is built upon 
the crown of a sub- 
siding peak. 

The symbiotic re- 
lationship between 


certain algae and 
coral polyps is 
responsible for the 
formation of coral 
‘islands. Coral 

itself is too fra 
gile to form a reef 
unless it is rein: 
forced by the carbon. 
ate-producing algae 
Zooxanthella spp, 
Reef corals thrive in 


gone continuous evolution, their fossil 
remains can be used to identify rocks of 
comparatively similar geological time. The 
fossil litter within sedimentary rocks enables 
palacontologists to recognize different strata 
of the same age. And it can be logically 
deduced from the law of superposition that 
the remains of primitive life forms occur in 
rocks lying beneath those contuining more 
advanced forms, 

Most fossils are the remains of organisms 
that lived in the same area and at the same 
time as the rock in which they are found was 
being deposited. They are excellent guides to 
the then existing environment. For instance. 
fossils of reef-building corals [S] are an 
indication that clear, warm, shallow sea 
conditions prevailed 

One of the first attempts to relate fossils 
to the rocks in which they occur was made by 
the English surveyor William Smith in the 
late eighteenth century. He established the 
lateral or horizontal continuity that exists 
between scattered outcrops of rocks by iden 
tifying strata through their fossil content, as 
well as by their texture, colour and position 


3 "Unconformities” 
occur when there is 

8 break in sedimen 
tation due to erosion 
This creates a gap 
in the geological 
record of the 

earth's history, Un: 
conformities are of 
three varieties. Dis 
conformities (A) are 
recognizable because 
the older strata have 
not been tilted or in 
any way deformed 
before younger 

rock was deposited 
above them onthe 
same horizontal 
plane. Angular 
unconformities (8) 
occur where the 
lower-lying strata 
have boon tilted, de 
formed and eraded 
betore the deposi 
tion of other rocks. 
Where bedded rock 
layers overlie non. 
bedded igneous mass, 
anonconformity 
IClis said to occur 


Rock 
forming organisms. 


water no deeper than 
45m (150%) of 

colder than 20°C 
(68°F), Coral 
formations in a 
sedimentary se 
quence are excellent 
Indicators of the 
prevailing climatic 
conditions at the 
time whon the rock 
was laid down, 


6 A dolta’s sediments 
are laid down ina 
specific ordar that 
may be endlessly re. 
peated if the region 
of deposition is 
sinking. Limestone 
deposits |4] cover 


Towering buttes and 
‘mesas in Monument 
Valley, Colorado, 
reveal the character 
of the geological 
ages of the region. 
Individual beds 
within these out 
crops can be traced 
throughout the area, 
although the rock in, 
between is missing, 
thus demonstrating 
the use of lateral 
continuity. The 
scale of erosion in 
the Colorado Plateau 
is matched by few 
regions in the world, 
Several thousand 
metres of rock have 
been eroded, leav 
ing only isolated, 
tlat-capped outcrops 
here and there. Not 
all the outcrops are 
sedimentary rock for 
some are the 
solidified plugs of 
ancient volcanoes 
whose sloping flanks 
have long ago been 
worn away, 


the sea-bed when the 
delta is too distant 

to be influential 

[A]. As the delta en- 
croaches (B), fine: 
grained muds that 
will become shale [3] 
are deposited, fol: 


KEY 


lowed by coarser, 
sandstone-forming 
sediments (2) as the 
advance continues (C]. 
As the water shal 
lows, current bed 

ing [0] indicates 

that sand is being 


4 Living organisms 
may both create and 
destroy rocks. Some 
rocks are formed 
when decaying vege: 
tation [1] becomes, 
coal or when the 
droppings of bird 
colonies [2] accu- 
mulate as phosphate 
deposits, In marine 
environments calca 
Feous algae [3] form 
limestone deposits 
while fish skeletons 
[4] may accumulate 
a8 beds of phosphate. 
Corals [5] and tiny 
globigerina skeletons 
{6} form limestone 
sediments while rad: 
lolaria [7], which 

build their hard 
parts with silica, 
Create siliceous de: 
posits. Tree roots 
18] and piddocks [9] 
hasten rock destruc: 
tion, Mangrove [10] 
and dune grass [11] 
trap loose sediment 
that may harden, 


deposited. Once the 
delta builds above 
water level (E] it 

can support swamp. 
vegetation which 
forms coal |1). When 
the region sinks [F) 
the cycle restarts, 
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Clues to the past 


The earth's rocks are in a state of constant 
change, Mountains are worn away by wind, 
rain and frost and the debris formed is trans. 
Ported by rivers, streams, glaciers, wind and 
5ea currents to be deposited on valley floors 
and sea-beds, There the sediments are buried 
and subjected to processes that turn them 
into sedimentary rocks, later to be uplifted as 
mountains to start the process all over again 
One of the tasks of a geologist is to determine 
the sequence of these events in particular 
areas and to do this he uses the tell-tale fea 
tures preserved in the rocks themselves. This 
study is known as stratigraphy, 


The concept of facies 
The term “facies” encompasses all the fea 
tures of a particular rock or stratum of rock 
that indicate the conditions in which those 
rocks were formed. Such features include the 
mineral content, the shapes and sizes of the 
Particles, the sedimentary structures, the fos- 
sils, the relationship to the beds above and 
below, the colour and even the smell -every- 
thing that can be described about the rock, 
The mineral content can show whether a 


1 Acliftface givesa 
cross-section through 

the layers, or strata, 
of rocks that comprise 
part of the earth’ 
rust. I the rocks 

are sedimentary a 
geologist can use the 
cliff as the means 

of determining the 
history of that area. 
Most of the evidon 
is smail-scaled but a 
number of broad ob- 
servations con be 
made by taking the 
outcrop as a whole, 
First, as there is no 
evidence of major dis: 
turbance, the law of 
superposition may be 
invoked, which states 
that the oldest beds 
‘are at the bottom, 
Noxt, since th 
no unconformit 
(breaks in the se- 
quence), itis evident 
that the beds were 
laid down continu: 
ously with no pauses 
in the sedimentation 


ing to three different 
environments of depo- 
Sition that succeeded 
one another during 
the history of this 
area, Starting at the 
bottom with the oldest 
rocks (as is cus- 
tomary in dealing with 
geological successions) 
there is a massive 
bed of limestone, the 
thickness of which is 
unknown as the base 
cannot be seen 
This indicates @ 
long period of mar. 
ine deposition and is 
followed by an alter- 
nating sequence of 
shales, sandstones 
coal, suggesting a 
delta environment. A 
thick deposit of cross- 
bedded sandstone is 
found at the top, in- 
dicating a desert onvir 
onment. Closer in. 
spection of individual 
beds is needed before 
a detailed history of 
the sequence can 
‘be worked out. 
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sedimentary rock was precipitated out of 
salts dissolved in seawater or built up from 
material washed off already existing terrains, 
and can show the nature of these original ter- 
rains. The presence of grains of garnet, for 
example, show that the original rocks were 
metamorphic whereas olivine crystals indi- 
cate the existence of original rocks that were 
igneous, The shapes of the constituent parti- 
cles indicate how far the material has been 
transported from the source ~ angular frag- 
ments have not travelled far but rounded 
grains have been carried long distances and 
have had their corners and edges broken off 
by the violence of their journey. Ifa rock con- 
sists of particles that are more orless the same 
size then it can be deduced that the particles 
have been moved about (or sorted) by cur- 
rents before coming to rest. A mixture of par- 
ticle sizes denotes a rapid transportation and 
dumping of material, 

Sedimentary structures give a direct 
indication of the conditions under which the 
sediment was accumulated. Ripple marks (7) 
are formed under shallow water conditions, 
rain pits [13] and mud cracks show the drying 


out of shallow pools, small-scale cross- 
bedding shows the presence of currents and 
the direction of the currents can be deter- 
mined by the attitude of the bedding, 


Stories told by fossils 
Animals are selective about which environ- 
ments they inhabit and a recognizable fossil 
in a rock can be the most important clue a 
geologist can have to the environment under 
which the rock was formed [3, 9]. The 
modern bivalve Scrobicularia, for example, 
lives only buried in oxygen-deficient mud. 
When a fossil Scrobicularia is found in shale it 
can be inferred that the shale was laid down 
in an oxygen-free environment. Such organ- 
isms are usually very sensitive to environ- 
ment and when they suddenly disappear in a 
geological succession it can be deduced that 
conditions have changed drastically 

The condition of the fossils is also impor- 
tant, If the remains are broken up and the 
fragments are well sorted any deductions 
made from them must be fairly suspect. It 
probably means that the dead bodies have 
been washed about by currents and in some 


12 The conclusion 
that 8 desert existed 
when the sand was. 
deposited is borne out 
by the presence of 
large-scale cro 
bedding, This is 
formed when sand 
dunes advance over 
one another, remov: 


shapes of each grain 
within the ery: 
This roundn 
the red coloration 
and constant size, sug. 
gests desert sand 


7 


6 Shale, the lowest 
bed in the next div- 
ision, is made up of 
fine mud particles 
showing that a river 
was emptying into the 
Sea nearby. The 

finer debris was 
carried farther 

away from the shore, 


7 Above the shale is 
found a bed of sand: 
stone, formed 

as the river mouth 
encroached and 
deposited sand 
Samples obtained 
from the cliff show 
ripple marks — 
typical structures, 


2 The limestone is 
found to contain a 
large number of fossil 
fragments showing 
that deposition was 
slow. The broken 
nature of the fossils 
shows that constant 
currents did not allow 
a dead organism to 
lie in one place for 
any length of time. 
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ing their tops and pre- 
serving the bedding 
‘on their downwind 
sides. The red tinge 
isd ‘oxidation 


place under 
very dry conditions, 
similar to those found 
in the deserts of today. 


of sands deposited in 
shallow wat 
vealing that the sands 
were built up almost 
to sea-level. The 
ripples are aligned at 
right-angles to the 
current and so the 
direction of the river 
Mouth is determined, 


3 Most of the fossits 
are of crinoids (sea 
lilies). These are 
related to the starfish 
and are sessile, being 
anchored to the sea- 
bed by a flexible stalk 
Their presence indi 
cates a shallow sea 
environment rich in 
floating organic 

food particles 


cases they will have been brought into the 
area from a completely different environ- 
ment. On the other hand, if the fossil is obvi- 
ously in its life position, as for example a 
burrowing creature in its burrow or a seden- 
tary organism still attached to its substratum, 
then it is quite certain that this is the environ- 
ment in which it lived and deduction can be 
made accordingly. 

Occasionally a derived fossil may be 
found. This is a fossil that has been eroded 
from an original rock and laid down with 
other rock debris to form the new deposit, 
Fortunately this occurrence is rare and is 
unlikely to confuse a trained geologist 


‘The evidence is put together 

After analysing the numerous features of 
sedimentary formations, a geologist must 
piece them together painstakingly to form a 
coherent whole, Some features are confusing 
and difficult to interpret; others speak for 
themselves. Thus a cross-section of rock 
grading from limestone to shale and sand- 
stone [1] is a typical sequence indicating that 
the sea was encroached on by river sedi: 


13 Structures may 13 
also show what 
happened to the sed- 
imentimmediately 
after it was laid down. 
A bed of fine mud: 
stone in the dune: 
bedded sandstones 
{itself indicating 

a temporary flooding 
in the desert) shows 
reptile footprints and 
marks caused by fall 
ing rain. Structures 
Such 9s these provide 
valuable clues about 
the climate of the area 
at the time of the form> 
ation of the rocks 

and give some inform- 
ation about the fauna, 


8 Coal, found above 
some of the beds of 
sandstone, indicates 
the presence of thickly 
forested swamps in 
which dead vegetable 
matter accumulated 
as thick beds of peat. 
Land had encroach- 
ed upon the sea 


9 One of the common- 
est fossils in coal 
‘measures is that of a 
tree stump. The 
stump and roots keep 
their shape, being 
buried in the under 
ing sand, while the 
trunk and branches 
are turned to coal 


4 Afossil goniatiteis 4 
also found in this 
limestone. This was 

@ nautilus-like mol- 

luse with most of its 

body inside a coiled 

shell, The shell was 
divided into chambers 

by zig-zag partitions. 

that differed from 

species to species. 

As each species was 

a free swimmer and 
common throughout 

all the seas of the 

world at different 
timee, whenever a 
recognizable species 
is found in a rock, th 
rock can be dated 
This species shows 
the limestone to be 
upper Carboniferous. 


ments, eventually building the area up to 
above sea-level. Similarly, periods of glacia- 
tion are typified by distinct striations or 
gouge marks in the rocks where ice sheets, 
charged with an enormous load of debris, 
have ground their way across the land 
Another feature of glaciation is the random 
embedding of irregularly shaped broken rock 
fragments in finer material. This occurs 
where the glacier has deposited its load and 
the resulting rock is known as a tilite 

Palaeogeography is the branch of histor- 
ical geology that is concerned with the past 
distribution of land and sea. With the 
relevant items of data obtained from the 
study of sedimentary formations, a geologist 
can construct palaeogeographic maps that 
give a picture of the ancient world. But such 
maps tend to be somewhat speculative 
Information is often sparse and there are 
enormous difficulties in interpreting the rela- 
tive ages of outcrops and thus plotting the 
ancient boundaries between the land and sea, 
What these maps do reveal with startling 
effect is the tremendous transformation that 
every region has undergone 


14 A desert region 
was formed after the 
was built up 
above sea-level by the 
dolta, Rain storms 
occurred, causing 
local flooding, and the 
area wos populated by 
reptiles. By now the 
volcano would have 
been eroded to a 
stump. Conditions 
such as these were 
common during the 
Permian and so the 
whole cliff face can be 
said to show a tran- 
sition from marine to 
desert conditions in 
upper Carboniferous 
and Permian times. 


10 The sequence of 
rocks seen in this part 
of the cliff 
sandstone and coal 
repeated again and 
again ~ is characteristic 
of sediments 
delta advances 
over a marine: 
The fact that the se. 
quence isa repeating 
one indicates that the 
area was subsiding 
and the delta was con: 
stantly advancing and 
retreating, building up 
the sediments. The 
absence of voleanic 
material suggests that 
the volcano was 
extinct by this time, 


5 Allthe evidence 
indicates that the lime. 
stone at the base of 
the sequence was laid 
down during the 
upper Carboniferous 
ina shallow, limy sea 
housing goniatites 
and beds of crinoids. 
The crinoid fossils 

are called “facies foss- 
ils”, since they show 
the nature of the en- 
vironment, and the 
goniatite is an "index 
fossil” giving a date 
to the bed. Micrasco: 
pic investigation of 
the rock reveals small 
quantities of volcanic 
ash, indicating the 
presence of a near. 

by active voleano. 


Rocks can be consid- 
ered in terms of their 
stratigraphic units, of 
which the largest is 
the group. The Tonto 
Group of the Grand 
Canyon [A] is separ. 
ated by distinct un- 
conformities from the 
groups directly above 
and below. Itin turn 
consists of three 
formations — bodies 
of rock that share cer. 


“4 _— 


tain generic features. 
The Bright Angel 
Formation [B] cor 
sists mainly of shales 
Distinct from the lime 
stone and sandstone 
formations above and 
below it. Formations 
can be subdivided into 
members such as the 
dolomite member {C], 
which are character- 
ized by a distinct lith 
ology. The smallest 


A 


Stratigraphic units of 
all are beds. The 
lower dolomite bed 
[D] is readily identi- 
fiable by the division 
planes between it and 
eighbours both 


above and below. 
Abed may range in 
thickness from a few 


metres and some 
beds may contain 
even finer structures. 
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Geology in the field 


The structure of rock formations is not 
always immediately apparent, especially 
where they are hidden beneath overlying 
layers of soil or are obscured by vegetation. 
One of the best ways of determining the 
relationships between rocks and the pro- 
cesses at work within the earth is by mapping. 
Geological maps therefore provide the key to 
understanding the geological history of any 
particular region, 


The basis of geological maps 

A geological map [2] shows the boundaries, 
or contacts, between various rock units, as if 
the topsoil and vegetation had been stripped 
off. Maps also reveal the size and extent of 
any rock formation. 

Formations are the basic units of geolog- 
ical maps. They can be recognized by their 
well-defined contrast to surrounding layers 
and by the fact that they can be readily traced 
in the field. The basic criterion of a formation 
is that it must be a rock layer of sufficient 
importance and of sufficiently distinct an 
identity for geologists to agree about its 
characteristics ~ in other words, it must form 


unit which can be mapped. 

Where formations have been partly 
obliterated by erosion, or obscured beneath 
overlying rock and soil, their shape must be 
Pieced together from isolated and often 
widely scattered outcrops, A single outcrop is 
usually insufficient to reveal the complex 
inter-relations of the various formations ina 
region. A geologist [6] must make detailed 
examinations of numerous rock exposures 
before he can draw # map that assembles his 
scattered findings into a coherent picture, 
Such a map reveals the disposition of the 
rocks and is the basis for understanding a re- 
gion’s structure and history. 

The geologist will also draw up cross- 
sections of the map, showing a vertical slice 
through the rocks. Canyon walls and coastal 
cliffs are natural cross-sections of this kind, 
However, because of their rarity, the geol- 
ogist must construct his own interpretative 
section. Cross-sections are derived from 
interpreting the contours and the attitude of 
surface outcrops and by making test borings. 
These sections are essential for determining 
the commercial importance of ores and in 


tation may take the 
form of numbers [1] 
referring to an entry 
in a notebook, col- 
‘our keying [2] giving 
@ quick visual 


nap of the art 
which the geologist 
annotetes as he 
works. Such anno- 
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reference to the 
rock type, and 
conventional symbols 
{3] that describe 

the folds and 

faults in the rocks. 


3 Facies maps re 
the variations of the 
rocks within a single 
formation, which is 
Mapped as if all the 
‘overlying rocks were 
removed, The exam. 
ple shown is taken 
from bed 3 of map 2. 
The cross-section 

{A} shows the present 
disposition of this 
formation or bed, the 
facies map of which 
1B}, shows that it 
consists of a 1p 
limestone [2] cut by 

a granite intrusion 

[1] and grading into 
reef limestone [3] 
Beyond this, the 
formation shows: 
‘shallow-water shales 
[4] and deltaic sand- 
‘stones [5]. Thi 

facies map also shows 
the thickness of the 
formation by means of 
contour lines of equal 
thickness known, 

‘88 isopachs. Thi 
are determined by 
drilling or by seis. 


mological methods, 


Preparing to dig tunnels and mines 
With the knowledge of the fundamental 
Principles that apply to the formation of 
rocks, a geologist can set off into the field to 
decipher the structures of a specific region. 


Techniques of mapping 
There are many techniques for correlating 
rock formations but the best and most 
obvious method is to trace a continuous 
exposure over a distance. In most cases, how- 
ever, rocks are only sporadically revealed, so 
the geologist. must look for lithological 
similarities in outcrops, Rocks of the same 
formation are usually similar in colour, 
mineral composition and texture although, 
because most strata change gradually over a 
distance, other means of identification are 
also used. Certain characteristics of depo- 
sition are especially helpful in identifying 
separate outcrops as belonging to the same 
formation. These include ripple marks, 
formed in sand under very shallow water and 
later preserved in stone; cross-bedding, 
which is sand deposited on the underwater 
slopes of a delta; and graded bedding, beds in 


4 A pataeogeographic 
‘map is the represent 
ation of geographic 
features at 2 given 
geological time. The 
previous facies map 
of the formation [3] 

of map 2, which was 


sandstone to the SE 
show the former exist- 
ence of a land in 
irection and 

of a river flowing 
from it and building 

2 delta [4] into.a 
shallow sea [3]. Far- 


deposited during the ther out to s¢ 
Carboniferous, canbe waters less than 45m 
transiated into this (150f) deep and more 


map. Theshalesand than 20°C (68'F) in 
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2 Geological maps 
are interpreted from 
field maps. They 
show the surface 
position of the roc! 
as if the topsoil and 
the vegetation had 
been removed (BI. 

The same area is also 
shown in cross-section 
A). A granitic intru- 
sion [1] adjoins a basal 
indstone [2]. Fos- 

sils in a bed (3) iden- 
tify a Carboniferous 
formation that 

grades laterally from 
limestone to shale 

and then sandstone, 
Much of this bed is 


dolomite [5] and the 
later shale [6] com- 
plete the sequences, 
The two faults are 
shown on the 


‘syncline axis 
and with diverging 
arrows an anticline. 


temperature, corals 
and algae built 


ving islands (2). in 
the zone of open 
water (1] beyond the 


calcareous 
plant and animal 
cumulated 
of limy 
mud which, in time, 
became limestone 


which the coarser material lies at the bottom 
and the finer material rests on the top. 

A highly reliable technique of correlation 
is that of finding a similarity of sequence. The 
position of a layer between other readily 
identifiable layers is an ideal means of cor- 
relating scattered outcrops. The fossil con- 
tents of rocks are other excellent tools of 
correlation, Fossils can be characteristic of 
specific environments and of specific periods 
in history. They not only identify the forma- 
tion in which they are found but also help to 
determine its age. 

The structure of an area is important in 
determining the history of the rocks since 
their formation. Not all beds are horizontal 
Many have been tilted, folded and faulted 
into a variety of twisted positions. In the field, 
geologists may notice that the bedding planes 
of the strata in a particular outcrop slope 
diagonally into the ground. The acute angle 
between the plane of this rock and the hori- 
zontal surface of the earth is known as the 

‘dip". The angle of dip is measured with a 
clinometer and is stated in degrees, The 
strike" of a rock is the direction in which the 


5A 


can be unraveled 

by the study of all 

the formations shown 
in map 2A, which are 
referred to here by 
the same numbers, 


formation 
sandstone de- 
posited in a desert [A), 
The sea then advance 
ed [8] producing 
marine conditions [3], 
wh with- 
drew a new desert [C) 
and sandstone forma: 
tion [4] occurred. A 
return of the sea [O) 
brought calcareous 
sediments [6] and 
muds [6]. Later fault 
ing and folding occur. 
red [E} and granite (1) 
was intruded into the 
sedimentary layers, 
Since then erosion 
produced today’s land- 
scape [F]. We can 
now look at the Key 
iMlustration with 
greater understanding. 


face of its bedding plane lies thisis given asa 
compass direction, Strike and dip together 
measure the attitude of a formation. The 
attitude of a rock provides one of the most 
reliable indications of the sub-surface struc- 
ture of a particular region 


Palaeogeographic maps 

By interpreting geological maps and examin- 
ing rocks for clues about the environment in 
which they were originally deposited, it is 
possible to piece together clues to the earth's 
Past. This information can be represented in 
Palaeogeographic maps, which portray the 
surface features of the earth as it existed 
during any given era in history [4] 

Maps can also be constructed so as to 
show the past distribution of climatic zones. 
The fossils of organisms that flourished only 
in specific environmental conditions are an 
important means of identifying palacocli- 
mates, but more direct indicators of climate 
can also be found. These include such fea- 
tures as ice-grooves in erosion surfaces and 
rain pits in sandstone, each telling their own 
story of the geological history of the earth. 


ney 


A geologist coming 
into an area for the 
first time is rarely 
faced with a complete: 
ly exposed sequence 
of rocks as in the 
Grand Canyon. More 
often the rocks in 

of study are 


Soil and vegetation 
and exposed only 
occasionally where 
the natural covering 
has been removed by 
action of water 

or the weather. The 
geologist studies 
each outcrop and 
from his notes, and 


the samples he has 
collected for further 
study, he can recon: 
struct the area's 
geological history. 
The different steps 
Inthe study of 

the area shown 
hore are illustrated 
in maps 1105, 


who sets out to do 
ieldwork must carry 
with him all the 
tools and measuring 
devices that he will 
need to make his 
observations. Typi- 


eter to take the dips 
‘and bearings of bed- 
ding planes, faults and 
other features. A hand 
lens is used to exam- 
ine details in rocks 
‘and acamera is 

useful to record 

the attitude and 
structure of rock 
outcrops. A hammer 

Is essential for 
breaking open racks 
to examine their min- 
eral composition and 
to chip off samples 
that are collected 

for the specimen 

bag. Most important 
is the pan and note: 
book in which all his 
observ 
drawing 
‘maps are recorded. 


7 Palaeoctimatology 
is the study of 
ancient climates 
through traces left in 
contemporary rocks. 
The present-day 
formations of such 
preservable climate- 
related features is 
‘shown. The foram- 


inifernan Globoro. 
talia'is an indicator of 
sea temperature. It 
coils right in warm, 


reefs and major car. 
bonate deposits are 
both typical of 

warm, shallow s 


Common to desert en. 
vironments are evap: 
orite deposits (salt 
basins) and reddish- 
hued sandstones. The 
lush plant life of 
tropical forests and 
‘swamps is the raw 
material from which 
coal is formed. lee 


sheets groov 
scratch the fac 
of rocks and leave 
characteristic 
doposits of glacial 
till, and peat bogs 
are typical of the 
tundra environment 
along the fringes 

of the ice caps 
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Earth’s time scale 


In the mid-seventeenth century, Archbishop 
James Ussher (1581-1656) of Ireland 
reached the conclusion that the earth was 
created at precisely 9am on 23 October 4004 
BC. His findings were arrived at after diligent 
study of religious texts. Not until well into the 
nineteenth century did efforts to establish 
both absolute and relative techniques of 
geological dating meet with any semblance of 
success. In 1897, the renowned British ph: 
cist William Thomas Kelvin (1824-1907) 
attempted to deduce the earth's age from the 
temperature difference between the young 
molten planet and its present state, assuming 
that the rate of heat loss was constant. His 
estimate of 20-40 million years was more 
than a hundred times lower than current esti- 
mates. Radioactivity was then unknown, so 
Kelvin failed to take into account the fierce 
heat generated by the decay of radioactive 
elements within the earth 


The law of superposition 

Although early efforts to find an absolute 
dating system repeatedly failed, a relative 
time scale proved fur easier to develop. Such 


a system merely seeks to establish the order 
in which rocks were laid down [1]. It does not 
make any reference to fixed units of time. 
The entire sequence of rocks deposited since 
the beginning of time is known as the geolo- 
gical column. Once the law of superposition 
(which states that in strata which have 
remained undisturbed since deposition older 
rocks lie beneath younger ones) had been 
elucidated by William Smith (1769-1839) 
late in the eighteenth century, piecing 
together the geological column was simply a 
long, arduous task of identifying and cor- 
relating rocks and slotting them into their 
appropriate order in the stratigraphic sequ- 
ence. The entire column was subdivided into 
units based on events that were taken to be 
natural breaks between one geological era 
and the next. The major divisions, therefore, 
are of widely differing lengths of time [5] 
The correlation of rock strata was made 
easier by observing the fossils they contained. 
Organisms of any particular time in history 
Possess quite distinct characteristics that can 
be used to identify the widely scattered rocks 
in which these fossils occur [3]. Strata con- 


taining similar fossil assemblages can be 
assumed to have been deposited during the 
same period of geological history 


The search for absolute dating 

The breakthrough to an absolute time scale 
was finally achieved with the discovery that 
radioactive decay proceeds at a constant 
pace. In 1907, a chemist at Yale University, 
Bertram Boltwood (1870-1927), found that 
the decay of radioactive minerals could be 
thought of as a convenient yardstick of time 
He recognized the regular relationship that 
existed between decay products and their 
Parent elements and that progressively older 
specimens possessed increasing amounts of 
stable end products [8] 

The most useful concept in radiological 
chronology is the notion of a half-life, the 
ume it takes for half a given amount of mate- 
rial to decompose, or decay, into a radiogenic 
product. The half-life of uranium-238, for 
example, is 4,510 million years. After alapse 
of this time, only half an original given quan- 
tity of uranium remains, the rest having been 
transformed into a series of radioactive 


‘1 Therelativeages 2 
of rock structures 
can be understood 


from clues in the 


rocks. In this. 


a 
= 


cross-section the 
oldest formation is 
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of metamorphic 
basement rock (1] 
twas tilted and 
ily eroded be: 
fore being buried by 
a sedimentary se- 
quence [2] that in 
turn weathered and 
was buried by a 
later sequence [3} 
own by fragments 
of 2found in 3 
Tectonic activity 
caused a fault (4) to 


displace earlier rock 
{Sand 1] followed by 2 The earth's mag- 
an intrusion of Netic field can provide direction and position 


Magma [5].Erosion. _a useful too! for the of the lines of force 


followed by a sea inun- 1g of rocks, When are established the 
dation, deposited a a rock is formed, mag- ages of the rocks of 
‘new layer [6]. The netic particles in it an undisturbed se- 
most recent struc- align themselves inthe quence can be deter- 


direction of the earth’ 
lines of magnetic force 
acting at the time. 


ture is an igneous 
Intrusion (7] to 
the land's surface, 


mined by investigation 
of their magnetic align- 
ment. ithe rocks 


Bindexfossilsare 4 
useful for determining 
the ages of rocks. 

of the 
families of tri- 
are known, If 

‘and agnostid 
trilobites are found in 
the same rock, it 


1 Redlichiiaa 
2 Asphidea 
3 Mani 

4 Prostidse 

5 Trinucleidae 

6 Agnostida 

7 Odontopleurida 
8 Lichida 


4 Orogeny is the 
process of mountain 
building by folding 
and thrusting. In 

the geological past, 
there wore sever 
major orogenic cli 
‘maxes. which make 
ideal reference points 
as they form breaks 
in the stratigraphic 
column through an 
Increase of 
and chang 
‘mentation patterns. 


CONNECTIONS 


See aise 
magnet 


have been disturbed 
the variations in their 
alignments indicat 
nature of the move: 
‘ments involved. The 
complex history of the 
‘example shown can be 
interpreted by a study 
of the alignments of the 
magnetic particles 


he 
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isotopes, eventually decaying to the lead 
isotope Pb-206, Thorium-232 has an even 
longer half-life, of some 14,100 million 
years, while that of carbon-14 is of only 570 
years 

The age of a rock specimen is arrived at by 
comparing the ratio of decay elements to the 
remaining amount of parent material. The 
known half-life of the element in question is 
then used to calculate the sample's age. This 
technique has only become reliable since the 
1950s when mass spectrometers, instruments 
that can analyse and measure elements in 
quantities of only a few millionths of a 
gramme, were developed. 

The process of decay is extremely com- 
plex. The disintegration of unstable atoms is 
spontaneous and has never been shown to be 
affected by surrounding physical or chemical 
conditions, This is one of the only processes 
on earth which can be assumed to have had a 
constant rate throughout time, making it an 
ideal standard for the measurement of abso- 
lute age. 

Absolute dating establishes the age of a 
specimen from the time it crysallized into a 


mineral, not the age of the clement itself. 
Once a crystal has crystallized, chemical 
composition is fixed. The decay products 
within it are the result of the disintegration 
of a radioactive parent element. 


Finding the age of the earth 

Uranium, and its close cousin thorium, are 
not the only elements that are suitable for 
absolute dating. Potassium-40, with a half- 
life of 1,300 million years, occurs throughout 
the earth’s crust in measurable quantities. It 
decays into argon-40, an inert gas found 
drifting in the atmosphere. A comparison of 
the ratio of these two elements in the crust 
and air yield a figure of some 4,600 million 
years for the age of the earth. The oldest 
Tocks of the great Precambrian shields of 
North America, Greenland, Africa and 
Australia yield dates of up to only 3,500 
million years. The discrepancy between the 
two figures is perfectly plausible since a long 
cooling period must be allowed for before 
any major rock systems could have formed a 
crust, Despite all these up-to-date techni- 
ques, many rocks cannot be dated absolutely 
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although only the last 
570 million years 
show an abundance of 
plant and animal life. 
The most widely 
found fossil remains 
from any specific 


8 Neneutron 
P=protan 


atom 


Mountain-buiging | 
lactivity 


Pulses in number of C-14 atoms 


Time in years 


Nitrogen-14 atom 


The colossal time- 
‘span over which, 
geological processes 
operate is emphasiz. 
od if one compress: 
®s the 4,600 million 
years of earth his- 
tory into 12 hours 
on aclock face, 

‘The first 2 hours 

52 minutes are 
obscure, The earl- 


used to corre- 
late various rock 
formations of the 
same age. Mountai 
building took pla 
mostly during specific 
periods in th 
Geological time scale. 


est rocks occur at 
about 02.52 hours 
but the planet re- 
mains a lifeless 

desert until 04,20, 


pear. Aeons of time 
drag by until just 
after 10.30 when 
there is an expio- 
sion of invertebrate 


6 Varves are thin 
bands of sand, clay 
‘and silt deposited 

ly recognized 
‘annual layer 


to determine the 
dates of the retreat 
of the last ice age, 


Catbon-14 atom 


life in the ss 
Dinosaurs wander 
the land at 11.25 only 
to be replaced by 
bird 
25 minutes later. 
Hominids arrive 
about half a minute 
before noon. The 
ast tenth of a second 
covers the history 

of civilization, 


7 Dendroch: 

is the use of annual 
growth rings of 

trees to measure 

time. The innermost 
rings of recent trees 
can be matched to the 
outer rings of older 
trees and a chron- 
ology can be set up. 


8 Radiocarbon dating 
is typical of the tech- 
niques that use radio- 
active decay to esti- 
ge. Carbon (C) 
posesses two iso- 
‘topes,C-14 which is 


cosmic 
ment of nitrogen-14 
(N-14), and C-12 
which is not. The 
C-14 combines with 
‘oxygen to form carbon 
dioxide which is ab: 
sorbed by living 
organisms. A con- 
stant ratio of C-14 

to C-12is established 
in each organism 
during its life, After 
death no more carbon 
dioxide is absorbed 
and the C-14 decays 
steadily, by emitting 
beta particles, to 
N-14, falling to half 

its original quantity 
every 5,570 years. 

The age of organic 
remains can be esti- 
mated by comparing 
the ratio of C-14t0 
C-12 inthe. 
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Fossils: the life of the past 


Fossils, traces of dead organisms found in the 
rocks of the earth's crust, tell us what life was 
like at the time the rocks were formed [1]. It 
is through the study of fossils (the name 
comes from the Latin meaning “something 
dug up") that the evolution of life on earth 
has been traced and affinities revealed be- 
tween groups of animals and plants, both 
living and extinct. 

Fossilized organisms may be found in 
many different states of preservation, but 
only rarely totally intact. More usually only 
the hard parts are preserved or only the shape 
impressed on some other material, In trace 
fossils [2] only the footprints or some other 
signs of an animal's passing are left 

Other more unusual types of fossils 
include gastroliths and coprolites. Gas- 
troliths are smooth, rounded pebbles often 
found within the rib-cages of dinosaurs and 
swimming reptiles. These were swallowed by 
the animal possibly for the same reason that a 
modern fowl swallows gravel; to help grind 
up food in the stomach. Coprolites are fos- 
silized dung, most commonly associated 
with Tertiary mammals or Carboniferous 


1 Fossils are th 
traces of animals 
and plants of past 
found preser- 
ved to some extent 
in rock. The pre: 


A 


In some cases the 
‘organism can be 
preserved in its 
entirety [A] when it 
becomes embedded in 
an antiseptic medium, 


Examples of these 
insects entombed 
inamber and mam- 
moths buried whole in 
frozen mud. The hard 
parts may be pre: 
Served unchanged |B) 
when an antiseptic 
medium encases them 
atter the soft anat- 
‘omy has decomposed. 
Mammal bones are 
presorved in tar pits 
like this. More often 
only very little of 
the original material 
is left [C] asin 
the fossils of fern 
leaves preserved in 
Carboniferous shale 
8a thin film of the 
carbon constituents. 
Sometimes the ori- 
ginal tissues are 
replaced, molecule 
by molecule, by 
another substance 
to give an exact 
replica of the ori- 

|. Fossil wood 
laced by silica 
is an example of 
this [D]. The organ- 
ism may fot away 
completely after its 
burial [E] leaving 
a hole called a mould 
in the shape of the 
original. Moulds of 
Tertiary water snails 
are often found. 
After a mould has 
formed it may fill 
with minerals depo: 
ited by percolating 
ground water (F] 
giving a solid with 
the external shape 
of the original, 
called a cast. Cal 


monites are common. 


270 


fish. Such fossils give valuable clues to the 
diets and habits of extinct animals. 


Myths and mystery 

Fossils have not always been recognized for 
what they are. Although ancient Greeks such 
as Herodotus (c, 485-425 BC) noted their 
similarity to living animals and plants, later 
civilizations did not have the philosophies to 
account for them. Whole mythologies were 
built around fossils: mammoth skulls found 
on the Greek islands may have given rise to 
the Cyclops legends because the fused nostril 
cavity suggests a single eye socket. The 
American Indians regarded dinosaur skele- 
tons as the remains of great serpents that 
lived beneath the surface of the earth and 
died when they came too close to the light. 
Christian chronology, based as it was on 
biblical events and dating the Creation at 
about 4000 BC, made no attempt to account 
for the time involved in turning sediments 
into rock and raising mountains, so the true 
nature of fossils was obscured for many hun- 
dreds of years. For centuries they were 
regarded as sports of nature oras tricks of the 


2 


ay 


devil conjured up to test the faith of the 
people. Those who were convinced that they 
represented the remains of once living organ- 
isms could account for them as the remains of 
creatures destroyed in the Great Flood. Not 
until the beginning of the nineteenth century 
did palacontology (the scientific study of fos- 
sils) become a recognized science. 


Fossil investigation 

The detailed study of fossils, rather like a 
crime investigation, involves the piecing 
together of many diverse fragments of evi- 
dence and a vast number of techniques are 
used [6]. The fossil could be a 25m (82ft) long 
dinosaur skeleton, which must be attended to 
by a large number of people on the spot 
where it is found, or it may be a microscopic 
structure found in the depths of a piece of 
tock revealed in laboratory studies, 

Initially, in the case of the dinosaur, the 
bones have to be removed from the matrix 
[6], encased in some protective substance and 
transported to a museum or laboratory, 
careful note and measurements first having 
been taken of the position in which the bones. 
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2 A seventh mode of 

)  fossilization is one 

In which no part or 
shape of an organism 
\s preserved ~only 
the footprints, 
burrows and feeding 
trails, These are 
known as trace fos- 


sils and are valuable 
‘8 indicators of the 
life-styles of extinct 
creatures. So! 


tunnels or tunnel 
systems which are 
given group nas 
according to their 


times an animal is pes and com 
known only from, plexity. Repichnia 
its fossil traces. traces [A] are long 


For some animals 


and fairly straight; 
these consist of 


the Pascichnia types 


1B] are meandering 
and cover a wide area, 
‘The Cubichnia burrow 
types [C) are usually 
short and straight 

and those of Fodin- 
ichinia [D) radiate 
from a single spot to 
cover a wide 


3 Fossils lie in two 
kinds of assemblies; 
one that does not 
reflect the life- 

style of the organ- 
isms (called a death 
assemblage or than. 
tocoenosis), or one 
‘that does (a life 
assemblage or bio- 
coenosis), Features 
of a thanatocoenosis: 


[A] include deri- environment brought 


ved fossils [1}, in after death (3, 4], 
fossils of an earlier and fragile creatures 
ageremovedfroma such ascrinoids, 


rock eroded at the 
time of deposition 
of the assemblage, 
shells disarticul- 
ated and aligned with 
the current [2], 
plant and animal r 
mains from another 


broken and scattered 
15). Some soft-bodied 
creatures such as 
jellyfish [6] are 

never fossilized, 

A biocoenosis [8] 

has shellfish in 

their living posi- 


tions (7), burrows 
and burrowing organ- 
isms undisturbed 

18, 9] and crinoids still 
in one piece [10]. 

A thanatocoenosis 

is the result of 
currents and erosion 
disturbing remains 
and in a biocosnosis 
there is little or no 
disturbance of them. 
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are found. The nature of the surrounding 
rock is also noted because this gives valuable 
information about the environment in which 
the creature In the laboratory the 
bones are cleaned and treated to make them 


less fragile. Usually the individual bones are 


cast in plaster or a plastic material so that a 
facsimile of the skeleton can be assembled 
and put on display while the actual specimens 
are stored for research purposes, 

The dinosaur remains are then compared 
to the hard parts of modern animals and a 


reconstruction is made, usually by means of 
Painting or a model, showing the appearance 
of the animal when The 
extinct animals is never preserved and is a 
matter of informed When 
microfossils are studied, a likely looking rock 
is taken into the laboratory, sliced up and 
treated with solvents that either corrode rock 
and fossil at different rates, so throwing the 
ack 


alive colour of 


guesswork 


fossil into relief, or corrode only the 


The fossil hunters 
Anyone with sufficient interest can find and 
collect fossils, but to identify them and study 


Scrabjeuloria 


robieularie 


them in depth an interest in and knowledge of 
animal and plant anatom ntial, To 
locate fossils with accuracy an understanding 
of earth movements and pr 
rise to the preservation of o 


cesses that give 


nisms is also 


necessary. This will enable the fossil hunter 
to interpret the clues that they give about past 
conditions. Once removed from 
their matrix all fossils must be tre ated with 
respect and preserved in the best way 
Although fossils may be 
hobby 


they are 


collected as a 
they are used by the palaeontologist 
lentifying of 
rock bed. An otherwise fe 
bed of limestone containing fossils of a par- 
ticular short-ran, 
ality can be identified at another locality by 
the presence of that fossil species, Or know 
ledge of the rates of animal and plant evolu 
tion can be an age 
sedimentary rocks in which identifiable fos 
sils are found. This branch of geology is 
known stratigraphical _palacontology 
techniques involved are extremely valuable 
in the constant search for oil. Fossils 


the 


a fingerprints’ 
ticular 


a par 
tureless 


d species found at one loc. 


used to to 


Iso pro: 


vide clues on the evolution of I 

4 A facies tossit sr T 
is indicative of (>) 
particular environ «&) | 


ment of deposition. 
The sholifish Scrob. 
ularia lived only in 


Al i} 


oxygen-free mu: 
It shows that such 
muds formed the rock 

in which it is found 
fossilized [8], The 

prawn and fish a 
were mobile, not 
dependent on the 
‘mud, and thus are 
not facies fossils 


Weeds 


5 The study of micro- 
scopic fossils, micro- 
Palaeontology, in. 
cludes the study of 
pollen grains [A] 
found at different 
depths in recent 
Soils. They indicate 
changing vegetation 
and hence changing 
climates 
past few million 
years [8]. This 
New science is 
known as palynology. 


over the 


6 A fossil in a rock 
such as this belem 
nite is often a most 
unprepossessing item 
[A] and sometimes it 
takes a palaeontol 
gist to recognize it 

The find could be 
made ona building 
site or it could be t 


at the top of a 
mountain in Peru, 
the fossil hunter 
must work with it 
wherever the spec 
removal of the fossil 
from the rock [8] 

can take place or 

Ne spot but more 


found, The 


Agricultura 


Conit 
wood! 


Usually the fossit 
and matrix are trans. 
Ported back to the 
laboratory where 
the right equipment, 
preserving fluids 
and technicians 

are on hand. Some. 
times, if the fossil 
and the rock are of 


Brond-leaved 
deciduous 
woodland 


Tundra 


two very different 


materials ~ such as 
a calcite shell em. 
bedded in shale 
removal is easy, 
More often the task 
involves months of 
laborious work 
Scraping away the 
embedding material 


] 


( , 
a a 
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Millions of 


o>] 


Booch 


from round the valu 


able specimen, 


The 


end product, after 


all this, is a pre. 


pared and mounted 


specime 


IC}, a solid 


reminder of life 


that may have 
rished millions 
years before 


flou: 
of 
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Plants of the past 


The first traces of life on earth are those of 
plants; strange, primitive growths spawned in 
the primeval ocean, the rich “broth” of mate- 
rials absorbed from the earth and atmos- 
phere. These first traces — humped or 
branching masses of silica - occur in 
Precambrian rocks, 2-3,000 million years 
old, in North America and South Africa. 
Fossil evidence of plant life is hard 10 
come by, for plants do not fossilize easily; 
they tend to lack durable hard parts, with the 
result that plant fragments are usually 
destroyed by weather or chemical processes 
before they have had time to be preserved in 
the rocks, Such plants that have become fos- 
silized, however, are exhaustively studied by 
palacobotanists and from them much has 
been deduced about the history of plant life. 


Importance of plants 
Of the two biological kingdoms, plants and 
animals, the plant kingdom is by far the most 
important and arose first ~ the earliest traces 
of animals do not appear until the early 
Cambrian, about 570 million years ago, in 
Australia, Plants take in energy directly from 


1A 


sunlight and use it to synthesize foodstuffs. 
Without these foodstuffs the food chains that 
involve the animal kingdom would have no 
starting-points: with no plants there would be 
nothing to feed the herbivores, with no herbi- 
vores, nothing to feed the carnivores, and so 
on. But at first the importance of plants was 
even greater. The early atmosphere of the 
earth was probably so rich in carbon dioxide 
that no animal could have breathed it. Plants 
changed all that and made animal life pos- 
sible, since the process of food production 
involves the removal of carbon dioxide from 
the atmosphere and the production of free 
oxygen. Thus once evolution began to trans- 
form the primeval living protoplasm into 
different forms of life, the plants came first 
The first plants that would have been 
recognizable as such would have been one- 
Med algae [1], in which all vital processes 
would have taken place in a single cell. As 
time passed more specialized algae 
developed. They consisted of more than one 
cell and various processes such 
reproduction were carried out by different 
parts of the plant, These would have resem- 


as 


1 The earliest known 
plants, the primitive 
algae, are known from 
the rock structures 
(stromatolites) they 
produced [A]. These 
were created by the 
fossilization of con 
centric layers of 

mud and algae. Other 
fossil algal rem 


commonly found are 
the “shells” of diatoms 
[B). These small, 


a 2 A 
brown sigae have been 

abundant since the 

Cretaceous period, in 

all aquatic habitats, 

The diatomaceous 

earths are composed 

entirely of their shells, 


bled present-day seaweeds. By this time ani 

mals, too, would have developed; herbivores 
would have fed on these seaweeds and carni- 
vores would have fed on them in turn, 


Life out of the water 

Alll this early activity took place in the sea - 
the land and its atmosphere was too alien and 
hostile for much to happen there. Some algae 
became adapted to fresh water and it is from 
there that land plants are thought to have 
evolved. In time physiological changes came 
about in forms that enabled the plants to 
spend more and more time exposed to the 
atmosphere. The most important of these 
changes was the evolution of a vascular 
system — a form of plumbing that could carry 
water up from the base where it was available 
and synthesized foodstuffs down from above 
[2]. With the formation of light-trapping 
organs held towards the sun [7] and a system 
of reproduction that would work in the air the 
true land plant had evolved. The atmosphere 
on land probably resembled that of today 
although it may have contained a higher 
proportion of carbon dioxide. With the 


Asteroxylon 
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2 Tolive on land 
lants needed 
“plumbing” equip: 
ment ~a means of 
transporting water 
up from the roots 
and foodstuffs 

down from the leaves. 
This is done by 
means of the vascu 


Cordowes 


3 The earliest land 4 The vegetation of 


plants known from the great coal for- 
detailed fossils are ‘ests consisted of 
psilophytes preserved —lycopods (club-moss 


by a freak volcanic 
eruption during the 
Devonian in Scotland. 
Asteroxyion grew to 

3 height of 1m (39in) 
and Rhynia, named 
after the site at 
Rhynie, to 50cm (20in). 


relatives), horsetails 
and primitive gymno: 
sperms. Sigillaria 

was typical of the lyco- 
pods, growing to a 
height of 30m (1004) 
in very marshy 
ground, Calamites 


was a 9m (30ft) horse: 
tail that grew as "reed 
beds” in the waters 
of the swamps. Drier 
areas supported gym. 
nosperms such as 
Cordaites, a primitive 
relative of the coni- 
fers. The under 
growth of these 
forests consisted 
mainly of ferns. 


5 The great size of 
the coal forest trees 

is evident in this 
picture of a fossil 
Sigillaria stump, 
Although most trees 
of the Carboniferous 
forests lost all their 
recognizable struc 
tures on being decom- 
posed and compressed 
into coal, sometimes 


il 


CONNECTIONS 
See also 


Fests 


B Nematophyton 


lar system, a net 
work of tubes through: 
out the plant, In 
modern plants this is 
weil organized, but 
extinct plants such 
Nematophyton had 
runk [A] consisting 
entirely of tubes 

‘of two widths [B}. 


the shapes of roots 
("‘stigmaria”) and fallen 
trunks are preserved 
in the sands and muds 
on which they grew 
When the ground was 
clear of other plant 
remains. These 
remains are most 
often found in 

sat earths” under 
neath coal seams. 


emergence of terrestrial plant life there was 
food available for animals to follow them. 

During the Devonian and Carboniferous, 
over 300 million years ago, plants had 
developed into a great variety of complex 
forms. These were still primitive by today’s 
standards, being close relatives of the horse- 
tails, club-mosses and ferns [Key], but 
nevertheless they formed vast forests [4, 5] 
and adopted all the growing habits of modern 
plants ~ trees, bushes, creepers, undergrowth 
and the like. They grew in such numbers that 
the thick layers of their rotting remains 
became solidified into the present-day coal 
beds [6]. One feature that characterized this 
flora was its lack of a self-contained 
reproductive body ~ the seed. 


The evolution of the seed 

The seed evolved during the Carboniferous 
(and certain ferns that bore a seed-like struc- 
(ture were common at this time) but the seed- 
bearing plants did not come into their own 
until the Permian and in the Triassic (225 
million years ago) the dominant plants were 
gymnosperms [8] such as the conifers, 


6A form 
that made up part 

of the undergrowth 
of the coal forest 

was the horsetai 
Sphenophyllostachys. 
Whor's of six leaves 
2cm (0.7in) long 
sprouted at intervals 
from the stem and 
spores were formed 
ina strobilus or cone 
‘ona side branch, 
Lepidodendron wi 
of the Carboniferous 
lyeopods, growing to 
a height of 30m 
(10011), The trunk 
had a characteristic 
iagonal pattern of 
af scars and br 
ched dichotomously 
(repeatedly into two 
equal parts) to give 
2 crown of branches 
with strap-shaped 
leaves, Under the 
ground the stem 
branched dichoto- 
mously to produce 

8 woody root stock 


eat whorls 


Sphenonhyllostachys 


During the Cretaceous, which began 
about 135 million years ago, the angiosperms 
[9] or flowering plants came to the fore anda 
flora was established that was closely related 
to today's. For the past 130 million years no 
major plant group has arisen but there has 
been an enormous proliferation of grasses 
and herbs with a correlated influence on the 
animals associated with them, 

Because the division of the geological 
column is based on the stages of evolution of 
animal life, the story of plant evolution does 
not fit easily into the time scale, In essence, 
the earth’s flora consisted entirely of algae up 
to Silurian times — half way through the 
Palaeozoic era, the age of invertebrates. 
Then land plants — consisting of mosses and 
liverworts (bryophytes) and ferns, horsetails 
and club-mosses (pteridophytes) — evolved 
and dominated the flora until the Permian, 
the end of the Palaeozoic. Gymnosperms 
were the dominant plant forms from the 
Triassic until the beginning of the Cre- 
taceous, half way through the Mesozoic, the 
age of reptiles. At this time the angiosperms 
developed and continued until the present 


go” 


Suobilus 


Key 


‘The fronds of this thin film of residual iferous shale, the most 
fossilizedfern have ——_carbon pressed be. common method of 
been preserved esa tween beds of Carbon: plant fossi 


7 For aleat to be by a larger number reproductive bodies 
an efficient organ ‘of branches. I i [1]is at the ends of 
for trapping light thought that out: dichotomously bran: 
with which to prod: growths of these ched stalks. More 


uce food and energy, 
it must present a: 
great an ares as 


branches coalesced, 
forming single pl 
of a large area, so that 


advanced forms show 
a reduction inthe 
branching [E] which 


possible to the sun. the leaf was evolved —_is carried still further 
In primitive plants [A,B,C]. The primi in some species of 
this was achieve: tive position (D] of fossil fern [F) 


Raed 


8 From the Triassic 
tothe end of the 
Jurassic, the gymno- 
sperms were the 
dominant type of 
ant life. These 
resembled the gymno- 
sperms found today 
~ the conifers and 
the cycads ~ and 
were characterized 
by their properly 
developed seeds, 
These seeds were 
open to the air 
rather than borne 

in enclosed fruits, 
The gymnosperms of 
the Mesozoic were 
‘mostly conifers and 
Bennettitales, the 
latter being related 
to the cycads and 


om 


ee 


9 Angiosperms. higher present day. The 


consisting of a plants with enclosed —_leaf shown is that of 

bulbuoustrunk which seeds, took over from —_a plane (Platanus sp) 
gymnosperms when the [A] preserved in sedi- 
dinosaurs roamed ments of the Mesozoic, 
the earth at the and is about 100 million 


Examples include 
Williamsonia {1} and 
Bennettites [2]. Con: 
temporary conifer 
include Voltzia (3) 
and Araucarites {4) 


beginning of the Cre- 
taceous. Since then 
the flora, both herbs 
and trees, has re- 
mained very similar 
to that of the 


years old. The struc- 
ture of this leaf 

is almost identical 
to that of a modern 
specimen of 

the same genus (8) 
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Fossils without backbones 


The most abundant and significant fossils in 
the rocks of the earth’s surface are those of 
invertebrates. These range in size from 
microscopic creatures to cephalopods with 
coiled shells 2m (6ft) in diameter and in age 
from the early Cambrian, 570 million years 
ago, to historical times. 


Joint-legged creatures and shells 

Some of the earliest fossils were those of the 
arthropods, which are found from the Camb- 
rian onwards. These are the joint-legged ani- 
mals that have shells of chitin — today's 
insects, spiders, crabs and lobsters. In Camb- 
rian times they were represented by the trilo- 
bites [1] and other strange creatures. The 
trilobites were generally unspecialized 
marine animals with bodies divided into a 
large number of similar segments. They 
appeared in the Ordovician, flourished 
during the lower Palaeozoic, but started to 
wane during Devonian times and by the end 
of the Permian were extinct. The closely 
related eurypterids [3] had a shorter range ~ 
Silurian to Devonian — but while they lived 
they were the terror of the seas, Ostracods 


tye 


Froe cheek 


Eurypterus 


Eusarcus 


ee | 
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are another important group of arthropods. 
They were encased in a pair of tiny, almost 
microscopic, shells hinged along the back. 
‘These shells had characteristic decorations 
and are valuable as index fossils because the 
distribution of each species through time is 
well known, when a species is found in a rock 
the age of the rock can be determined. 
Arthropods were among the first animals 
to colonize land, the millipede Archedesmus 
being found in Devonian rocks. Insects 
evolved soon afterwards and the Car- 
boniferous forests sheltered such creatures as 
Meganeura [4] - a dragonfly the size of a 
parrot. Unfortunately, fossil land arthropods 
are rarely found and consequently little is 
known about their evolution. It is known, 
however, that the arachnids and simpler 
insects were well established by the upper 
Palaeozoic while the flies and social insects 
did not develop until the upper Mesozoic. 
Molluscs are another major group of 
organisms with a long ancestry and the tenta- 
cled molluscs - the cephalopods ~ have been 
found as far back as the Cambrian. These first 
cephalopods had straight, conical shells and 


rather like today's. 
woodlouse, being cov- 
ered by a chitinous 
skeleton. This was 


divided into the 
cephalon [1], or h 


Upper suttace 


articulated segments 
below each of which 


jointed organ for 
walking, a swimming 
and breathing or 

and 8 paddle that 
swept food 
towards the mouth. 


Under surface 


3 The eurypterids, 
probably related 

to the trilobites, 
included the great 
ea scorpions of the 
and the 
Devonian. Although 
some carried claws 
and grew to a length 
of 3m (10ft), those 
‘shown here were 
smaller and more like 
today’s scorpio: 
Stylonurus was a 
long-legged form 
found ati 
and Devonian rocks, 
Eurypterus was 

the first of the 

group to be discov- 
ered and lived in 

the Devonian of Scot. 
land, Eusarcus 


was scorpion-like. 
These lived only in 
the sea in the Silur- 
ian but later moved 
into fresh water 


flourished in the 
Carboniferous. These 
included a dragonfly 
called Meganeura, 
with a wing span 

of about 80cm (31in); 
Stenodyctia, which 
was a generalized 
type; and Aphthorob- 
latina, a cockroach, 


Aphthoroblattina 


this primitive shape, the orthocone, lasted 
until the Carboniferous, Meanwhile other 
branches of the cephalopods developed, 
evolving shells that were curved and, eventu- 
ally, shells coiled in a tight spiral. From these 
Nautilus-like creatures of the upper 
Palaeozoic evolved the ubiquitous ammo- 
nites of the Mesozoic [10], the fossil shells of 
which are a familiar sight in Jurassic rocks all 
over the world, These also make excellent 
index fossils because of their great variety in 
shell shapes and ornamentation [11, 12] and 
the short time range of each species. Ammo- 
it out during the general change of 
fauna at the end of the Mesozoic and since 
then the only cephalopods have been the 
squid, cuttlefish, octopus and nautilus, 

The snails and the bivalves, the other 
chief members of the mollusc group, have 
also been present since the Cambrian but it 
was not until the Tertiary that the bivalves 
became the important “sea shells” that they 
are today. During the Palaeozoic and 
Mesozoic their ecological niche was occupied 
by a primitive group, the brachiopods, which 
superficially resembled them — being sessile 
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2 Trilobites adapted Trimerus was a bur- mer and Encrinurus 
totheirenvironment rower, Ampyx: was a slow-moving 
ina ve of way a lightweight swim- bottom dweller. 


5 This trilobite is 
O. 
wi 


was found in 140 mil- 
lion-year-old Juras- 
sic limestone. 


(sedentary) and having their soft anatomy 
enclosed in two shells — but were in no way 
related to them. Instead of having a left and 
Tight shell, as bivalves do, the brachiopods 
had a top and bottom shell. They have been 


and Devonian and became extinct in the Per 
mian. The third group, the scleractinian 
corals, are the reef-building corals of today 
They did not appear until the middle Triassic 
and most have been colonial. 
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Tertiary 


Reptiles 


Cretaceous 


Amphibians 


declining in importance since the end of the - — 

Mesozoic and since then the bivalves have Some vertebrate relatives Jurassic 

largely replaced them The phylum known as the chordates, to = = 198 
which man belongs, includes several groups Troaaic 225 

Development of corals of small, apparently simple worm-like ani- 

The corals are an important group of fossil mals. An early off-shoot from this phylum Raney as 

Organisms and can be divided into three may have given rise to the graptolites—com- 

groups, two of which are extinct. The first munal drifting organisms that were abundant Carboniferous 

group, called the rugose corals because ofthe in the oceans of Ordovician and Silurian 345 

wrinkled appearance of the skeleton, were times [7]. Their evolution took place rapidly 2 Saronms 

mostly solitary organisms looking like the from the complex types of the lower Ordovi- 2 a 395 

related sea anemones but encased in cup- cian to the straight, simple forms of the Silu- 2 Sumas 

shaped shells. Some later rugose corals were rian, making them good index fossils for & ——— = 

colonial, consisting of more than one indi- identifying Palaeozoic black shales. eeasonnten 

vidual. They appeared in the middle Ordovi- The echinoderms ~ the starfish, sea 500 

cian, reached their peak in the lower Car- urchins and sea lilies — are probably close to = 

boniferous and died out in the Permian. The _ the ancestors of the vertebrates and, because Cambrian 

second group, the tabulate corals, were all they are mostly covered with armour, they _ 

compound, consisting of large numbers of tend to fossilize easily. Certain Car- 

small individuals. They appeared in the boniferous limestones are made up largely of oibianaing iatiinaset 

middle Ordovician, flourished in the Silurian crinoid (sea lily) plates, years ago 

Common cana} 7 The graptolites 8 yA 8 9 The rapid evolution them ideal index fos- _ being of lower Ordo 
were free-floating NY of the graptolites sils, The presence of —_vician age. Slightly 
and the fact that large numbers of younger or older 


they are found all 
‘over the world ma 


Didymograptusin this 81 
shalo identify it as 


le would have 
different graptolites. 


colonial organisms \ 
that abounded in the 

seas of Ordovician 

and Silurian times. 

They did not grow 


] 


(4in) long and started 

off with a single indi 
vidual (20014) prod: 
uced by sexual means. 
Subsequent zooids 
grew from the side 
of the original and 
budded off from one 4 
another producing 
the characteristic 
shape of the partic 
ular species. Each 
201d rested in a cup 
called a theca and was 
connected to all the 
others by acommon, 
canal. The chitin 
skeleton had an inner 
banded layer and an 
outer layer secreted 
by an outer skin, 
Each zooid carried a 
feathery feeding 

Lophophore organ (lophophore), 


Skoloton 


8 Graptolite genera 
can be recognized 

by the shape and 
arrangement of their 
thecae (cases) and of 
their branches (stipes) 
Diplograptus |A) had 
two stipes joined 
together growing up: 
wards back to back 


Didymograptus (8) 
had two stipes 
soparately growing 
downwards and 
Phyllograptus [C] 
had four stipes 
joined together 
Growing upwards 
with long and spiny 
thecae, 


10+ (TI 


f 11 Ammonites can be 12 4 
identified by the 
‘ornamentation on the 
shell. Promicroceras 
[A] had ribs, Douv: 
illeiceras (B) had 
tubercles, Harpo- 

: ceras |C} had a keel, 
Hildoceras |] had 
a longitudinal c 

<= series of ridges 
and Kosmocaras |E} 
had its aperture 
guarded by 3 
pair of paddle: 

| Shaped little flaps, 


10 The ammonite had Opercvium 
a soft anatomy similar 
to that of the modern 
Nautilus, which lives Tentac 
in the open end of 

its shell, As the 
animal grew it sec 
reted more shell and 
moved forward into 
the new part, walling 
off the old section 
with a septum, The 
walled-off chambers 
were used for buoy: 
ancy, being supplied 
with air from a tissue 
filament or siphuncie 
connecting them all 
The septa met the 
shell wall in suture 
lines that had iden: 
tifiable patterns for 
each species and 


intestine 


12 The shape of an 
ammonite’s shell 
determined its mode 
of life. Scaphites 
[Al was a passive 
Septum drifter; Baculites 
Sipnuncie [8], Amaltheus {C] 
and Dactylioceras 
(D] were streamlined 
|) active predators: 
inactive Cadoceras 
(E] moved only up and 
down by varying its 
buoyancy; and snail 
like Turriftes (F] 
was confined to the 
bottom of the sea, 


a Jows 


became more complex advanced Baculites. 
as the group advanced. The arrow shows the 
[A] shows.a primitive position of the siphun:- 
Ceratites suture, (B] cle and the direction in 
Hildoceras and (C} which the head lies, 


13 The betemnites 
were related to the 
ammonites, but were 
squid-like and had 
pencil-shaped shells, 
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Fish and amphibians of the past 


Vertebrates, the animals with backbones, are 
evolved from segmented, worm-like animals, 
This is seen in modern vertebrates such as 
ourselves by the segmented nature of the 
backbone and the fairly repetitive patterns of 
the ribs. The pattern of early vertebrate 
evolution shows well the development of new 
features from a simple, basic form. 


Towards the age of fish 
The first recognizable skeletal features of 
carly vertebrates would have been the 
jointed support for the main muscular system 
the backbone ~ and a box to contain the 
brain, namely the skull. This is more or less 
the layout of the earliest and most primitive 
fish, the agnathans [1]. These Silurian forms 
had no jaws, the mouth being merely a 
sucking organ. They breathed through gills 
which were paired and supported on bony 
outgrowths, As time progressed the first pair 
of gill-supports moved forwards and became 
hinged to the skull to form the jaws, and bony 
structures evolved to support swimming 
organs. The true fish had developed 
The jawed fish are divided into three 


2 Dinichthys was an 
armoured placoderm. 
With a length of 9m 
(30ft) it was a 
fearsome fish of 

the Devonian seas, 


3 Drepanaspis was a 
Devonian agnathan, 
itwas a flattened 
bottom-dweller with 
a complicated 
pattern of armour. 


4 The typical habitats 
of Devonian fish were 
inland seas, many 

of which existed 
among the freshly 
formed mountain 
chains of the north 
continent at that 

time. Shown here is 

a solection of the 

fish types found in 
such an area. 
Bothriolepis was a 
typical placoderm 


teaching a length of 
24cm (Bin). Its head 
and body were ar. 
moured 4s were the 
first pair of fins. 
Xenacanthus was an 
early member of the 
Chondrichthyes and 
had many shark-like 
features. It swam by 
means of paired, 
leaf-shaped fins and 
had along, pointed 
tail. It was 75cm (2.5 


groups: the Placodermi, armour-plated fish 
of the Devonian; the Chondrichthyes, 
cartilage-skeletoned sharks and rays that 
have existed since the Devonian to the pre: 
sent day; and the Osteichthyes, bony fish that 
also appeared in the Devonian and represent 
the major type of fish found in the seas today 
The Devonian period is known as the age 
of fish because during this time all three 
groups of fish came to the fore and domi. 
nated the seas. Even in those early times the 
bony fish were divided into the ray-finned 
and lobe-finned types, The ray-finned fish 
are what we think of as typical swimming by 
means of paired fins supported by a “ray” of 
bony outgrowths and balancing by means of a 
‘swim-bladder” of air within the body. The 
lobe-finned fish have their fins supported by 
muscular lobes and in some instances the 
swim-bladder is connected to the gullet 10 
form a lung, After Devonian times the lobe 
fins decreased in importance and today are 
represented only by four genera, but before 
that they were to play a very significant role 
in the history of life on our planet 
The Devonian lobe-finned fish lived in 


1 One of the jawless 
fish of the Silurian 
was Cephalaspis. It 
had a triangular 
head shield bearing 
the mouth and 
paired fins beneath, 
and a pair of vibration 
sensitive organs on 
the upper surface 


4 


ft) long. Moythom: 
ja was one of the 
ray-finned Osteich, 
thyes while Holop: 
tychius was one of 
the lobe-finned type. 
Fleurantia was a 
lobe-finned lungfish 
similar to the ances: 
tral stock that gave 
rise to the first 
amphibians such as 
Ichthyostega, shown 
here on the surface, 


5 As the Devonian 
desert pools dried 
out the inhabitants 
crowded together 
in the last drop of 

moisture and died, 


freshwater lakes among the mountains of the 
Northern Hemisphere. ‘These lakes would 
occasionally dry out, killing everything that 
lived in them [5]. The lungfish, however, with 
their ability to breathe out of the water, and 
their lobed fins providing a clumsy but 
serviceable means of locomotion on land [6], 
could exist, at least for short periods, out of 
the water, Often this was enough to enable 
them to find their way to the next pond. As 
time passed the bones in the lobe were 
formed into a more efficient support and the 
tetrapod limb was developed. 


Life comes ashore 
The carly limb, built of two main sections and 
several digits at the end, became the basic 
pattern of all land vertebrates to follow, The 
earliest amphibian, Ichthyostega [8] from the 
upper Devonian of Greenland where forests 
of sizeable land plants were beginning to 
grow, had the early tetrapod limb but also 
retained fish-like characteristics in the bones 
of the skull and in the tail 

By the time of the Carboniferous amphi- 
bians were plentiful and they mostly 


like these Holoptych- 
jus from Scotland. 
The land vertebrates 
evolved from crea: 
tures that survived 
such conditions, 


6 Tobe able to live 
out of the water a 
fish would need a 
lung system for 
breathing and at least 
one pair of muscular 
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leg-ike fins to 
allow it to travel 
These features are 
found in the Devonian 
60cm (2ft) long lobe 
fin Eusthenopteron. 


belonged to one extinct group called the 
labyrinthodonts ~ so called because of the 
convoluted nature of the tooth enamel. 
These had a much more powerful vertebral 
column than Ichthyostega, reflecting the fact 
that they spent much more time out of the 
water where their weight would have been 
buoyed up. They probably had the same 
general life-style as modern amphibians, 
spending most of their adult life on land and 
returning to the water to lay eggs. The eggs 
would have hatched into fish-like tadpoles 
with external gills and these would have lived 
in the water only until they were mature, 
exactly as frog tadpoles do today. 


Adaptations of amphibians 
The Carboniferous amphibians adapted 
swiftly to the different ecological niches 
offered by the dry-land environments and 
they were all carnivores, the smallef ones 
eating the insects that abounded in the coal 
forests and the larger ones living like 
crocodiles and eating either fish or members 
of their own kind in the swamps. 

Other upper Palaeozoic amphibians, 


7 Amphibians and jan forms. The num- 
advanced fish evolved _ bers refer to the illus- 
from primitive Devon- trations shown here, 
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4m 


39 


© I® © 


4 The sizes of the 
pper Palaeozoic 
mphibians varied as 


ions on 
these pages show, 
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unrelated to the labyrinthodonts, adopted, uatemary 
ery different and specialized modes of life. $3 syrnany 
Some spent all their time in the water, losing °* 
their legs and adopting a snake-like body 
One ‘such creature was Carboniferous, —_“retacvous 
Dolichosoma (10). Others became flattened 2 —— 
and their skulls grew into broad, flat horns, i Jurassic 
the purpose of which is obscure. These, like — 
Diplocautus {11}, must have lived in the mud Triassic 
that lined the bottoms of pools. 

The labyrinthodonts and the other aiid 
specialized “amphibians became extinct 
during the Triassic period leaving only their Carboniferous 
descendants; the small groups that we know 
today, But some time before this, the amphi- 2 iowa 
bians gave rise to an intermediate group that & 
was to abandon the water altogether and § —— Sidnan 
become reptiles. These, the seymouria- © - 
morphs, showed very advanced features, Svasatehah 
especially in the reptilian nature of the limbs, 
although the skull and vertebrae remained 
distinctly amphibian. Typical of this group is Cambrian 
the Permian Seymouria [13] which, however, __-s0 
could not be the direct ancestor of the reptiles + 
since primitive reptiles are known from the Precambrian Miltions of 
earlier Carboniferous period years ago 


8 8 Ichthyostega is the 


warliest and most 
primitive amphibian 
known. Found in Dev- 


typical amphibian 
body about 1m(39in) 
Jong but retained a 
fish skull and tai 


9 Eogyrinus was one 
of the great amphi- 


bians of the Carboni- 
ferous coal swamps. 
With a length of 5m 
(16ft) it must have 


10 Dolichosoma 
shows the adaptability 
of the Carboniferous 
amphibians. It was 
1m (39in) long and 
had no limb: 


nce 
in the shallow waters. 


é=p- 


12 Eryops was a 
massive Permian 
amphibian typical 

of the grotesque 
forms that developed 


like mode of life. 


11 Diplocaulus was 
3 Permian amphibian 
that reached a length 
‘of 60cm (2ft). Its 
peculiarity was its 
boomerang-shaped 
skull, which suggests 
that it lived in 

mud at the bottom 

of ponds or lakes. 


ed 2 
of amphibians passed 


into that of the 
reptiles. It was 
1.8m (5ft) long and 
was well adapted 
for life on land, 


IE 


13 Seymouria was a 
Permian amphibian 
so advanced that 
there is still much 
discussion as to 
whether it was an 
amphibian or a prim- 
itive reptile, It 

was 60cm (2ft) long 
and the bones of 

its limbs were 
distinctly reptilian. 
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Towards life on land 


The Palaeozoic era spans the 345 million 
years between the beginning of the Cambrian 
period and the end of the Permian [Key] 
During the lower Palaeozoic era (the Camb- 
rian, Ordovician and Silurian periods), life 
was confined to the sea. It came ashore 
during the upper Palaeozoic era (in the 
Devonian, Carboniferous and Permian 
periods), flourished, and developed into the 
innumerable, interrelated forms of today. 


Tell-tale fossils 
Evidence of life on earth has been found in 
rocks 3,000 million years old, but it is only 
since the beginning of the Cambrian period 
some 570 million years ago that the record 
has been clear, Before then all living organ- 
isms were soft-bodied and they fossilized 
only under exceptional conditions (1). After 
the beginning of the Cambrian, several 
groups of animals developed hard parts that 
were easily fossilized, and since then enough 
remains have been preserved to provide a 
detailed picture of ancient environments. 
During the Cambrian period [2], a time of 
Jow lands and mild climates, the most promi- 


3 In Ordoviciantimes area of the British 


nent creatures were arthropods (joint-legged 
animals) of various types, the most important 
of which were the trilobites (insect-like crea- 
tures that lived in the sea). Because of their 
great age, Cambrian rocks provide only 
fragmentary fossil evidence, but enough 
exists for quite detailed environments to be 
reconstructed with some accuracy. 

‘The Ordovician deposits (3}, $00 million 
years old, indicate that there was a great sub- 
mergence of the lands with the spread of 
shallow seas. Fossil evidence from the seas 
shows that the arthropods continued to 
develop and there had arrived on the scene a 
number of cephalopods (molluscs), some of 
them very large with shellsand tentacles. The 
most prominent shellfish during those times 
were the brachiopods, which only superfi- 
cially resembled the more familiar bivalves. 
In modern times bivalves have taken over 
and brachiopods are now quite rare. 

‘The trends of life on the sea-bed during 
Ordovician times continued into the Silurian 
period, 430 million years ago, In this period 
came the development of massive coral reefs, 
the rise of the first vertebrates and the first 


1 Really ancient South Australia, The 
fossils dating from rocks indicate that 
before the Cambrian there was a shallow 
period, some ‘sea environment with 


570 million years ago, 
are extremely rare. 
This is because or- 
ganisms before that 
date were simple and 
lacked hard parts 
that fossilized easily, 


‘a sandy bottom in: 
habited by soft- 
bodied creatures such 


(1); Eoporpita [2) 
Kimberella (3), 


also becaus [ala i 
rocks older than Dickinsonia |5 
this are usually inverterbrate of 
badly deformed, des- uncertain affinities. 
troying all traces 
of organic remal 2 Fossils of the 
But occasionally in- Cambrian period are 
dividual organisms more widespread 


‘such as lime- 
secreting algae are 
found in these 
ancient rocks, some 
‘of which are 2,500 
million years old, 

The best Precambrian 
fossil assemblage so 
far discovered dates 
from just before the 
beginning of the 
Cambrian and was 
found at Ediacara in 


because many groups 
of organisms devel: 
oped preservable 
hard parts. The most 
prominent of these 
wore the arthropods, 
including the jointed 
trilobites. Cambrian 
fossils have been 
found in all parts of 
the world but a parti- 


restoration has 


as worm-like Spriggina 


tentative land forays of primitive plants 
Much dry land appeared as mountain ranges 
rose from the sea. Extensive deposits from 
the Ordovician and Silurian periods have 
been found in parts of Europe, North and 
South America and Australasia, and it is 
because such detailed remains have been 
found in particular localities that the ecology 
of entire periods can be reconstructed with a 
high degree of accuracy. 


Life reaches the land 
Life began to reach the land in earnest during 
the Devonian period [4], 395 million years 
ago. The land plants that flourished at that 
time released great quantities of oxygen into 
an atmosphere previously too rich in carbon 
dioxide to support animal life out of the 
water, Once a certain level of oxygen had 
been established, the way was open for the 
colonization of the land by arthropods such 
as mites and millipedes. These were followed 
by vertebrates, starting with lungfish and 
progressing to amphibians. Most of this 
activity took place at the edge of shallow 
inland waters, away from the destructive 
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genera is known 
from the middie Cam: 
brian Burgess sh. 
of British Columt 
‘This rock sequence 
indicates a deep- 
water environment 
that was suddenly 
poisoned by 4 seep- 
age of gas. Among 
arthropods found 

there are trilobites, 
‘such as 20cm (Bin) 
Olenoides (1) and 
Ogygopsis (2), and 2 
em (0,75in) Agnostus 
(3). Other arthropods 
include malacostra 
cans [4], Naraoia (5), 
Burgessia 6), 

Sidneya (7), Marella 
(8), Waptia (9) and 
Emeraldetia |10). As 
well as these there 
were sponges, worms, 
jellyfish and sea- 
weeds. Itis thought 
that this fauna is 
typical of the middle 

Cc 


vation is untypical. 


contained trilobites 
that grew up to 30cm 


[4], Sphaerocoryphe 
{5] and Remopleurides 


nema (9) and Sinuites 
(10); bivalves such as 


3 such as Aulechinus 
living things had [13] and the sea-lilies 


Isles separating been based on an 


diversified even more land massesof rising —_ upper Ordovician Byssonychia (11); 114), This a 

and their fossils mountains in the fauna from Scotland. shelled cephalopods _ sisted into. 
abundant, Adesp sea north from low The seas towards the —_spis (2, Phillipsinella such as Orthoceras _ times and fauna 
trough covered the relief in the south. edge of the trough [3], Paracybeloides (12); and echinoderms mained very similar. 
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chaos of the ocean beaches. Most fish had 
jaws which meant that, unlike their ances- 
tors, they were able to bite and eat their 
neighbours. Many fish evolved bony armour 
as 4 means of self-protection against these 
and other predators. It was at that time, too, 
that the ancestors of the sharks appeared 
The conquest of the land by vertebrates 
was basically a matter of survival, The lung- 
fish and lobed-finned fish lived in pools that 
periodically dried out. When this happened 
they were forced to move to the next water. 
As time passed the fish became better 
adapted and were able to spend much longer 
periods out of water. From these came the 
amphibians, which lived in water for only 
part of their life cycle, The process of 
mountain-building, begun in the Silurian 
period, reached its climax in the Devonian 


From forests to deserts 

By the time the Carboniferous period [5] was 
under way, 345 million years ago, land plants 
had firmly established themselves and vast 
forests of ferns and giant club-mosses had 
spread over well-watered, fertile lowlands 


4 Northern Scotland 
had inland seas in 
Devonian times, On 
the shores of these 
grew psilophytes, 
the earliest land 
plants to possess a 
water-conducting 
system. They inclu: 
ded Psilophyton [1] 
Rhynia 2] and 
Asteroxyion (3), 20em 
Bin) tall, The earliest 
cnown land animals 
iso lived there, 


These were mites, 
Protocarus {4] and 
the millipede Arche 
desmus (5). When the 
waters dried up, 
lungfish such as 
Dipterus (6) also 
came ashore. The re- 
mains of these organ: 
isms were preserved 
in great detait 

when a nearby vol 
cano erupted and 
buried them in 
silica-rich deposits. 


3 During the Permian ¢ 
neriod the 

\umid forests, A 
and swamps gave 

vay to Mountains 

ind deserts in the 

orthern Hemisphere, 

rhe reptiles had 

volved by that 8 
ime and these were 
ar better adapted 
han the amphibians 
o withstand the 
igours of desert 

fe, They became 
iversified to fit 

ve New conditions, 
Ine group, the 


pelycosaurs, devel: 
oped strange back- 
fins supported on 
elongations of the 


These were the swamps that were eventually 
buried and compressed to form our present 
coaifields. Amphibians of many shapes and 
sizes slithered in the green gloom of the 
undergrowth, while above them, between the 
patterned trunks, droned enormous insects, 
some of them with 60cm (24in) wing spans 
[5]. On higher ground, above the steaming 
valleys and deltas, a more open vegetation of 
ferns and primitive conifers flourished. 
Simple reptiles evolved from amphibian 
stock during the Carboniferous period, but 
did not become dominant until later, during 
the Permian period. 

The transition from the Carboniferous 
into the Permian period [6, 7], 280 million 
years ago, was accompanied by a change, for 
reasons that are not clear, from forest to 
desert conditions, together with an ice age in 
the Southern Hemisphere. During that time 
the reptiles successfully spread over the land. 
They had an advantage over their amphibian 
ancestors in that they could live entirely out 
of water and had better constructed skele- 
tons. Towards the end of the period some 
reptiles developed mammal-like f 


catures, 


5 During the Carbon- 
Hferous period there 
was considerable 
erosion of newly- 
raised mountain 
chains and the 
debris that was 
washed off them 
formed vast delta 

in the Northern Hemi 
sphere. These deltas 
‘Supported the great 
coal forests consist- 
ing of primitive 
plants grown to tree 


size. Some of the 
common plants 
included tree-size 
club:mosses such as 
Lepidodendron |1] 
and Sigillaria (2) 
horsetails, Calamites 
[3] and tree ferns, 
Medullosa (4). The 
animal life included 
giant insects such as 
Meganeura [5] and 
‘Stenodictya (6) and 
amphibians such as 
Diplovertebron (7), 


vertebrae. These fins 
may have been temp- 
erature-regulating 
structures, absorbing 
heat when turned 
towards the sun 

and radiating heat 
when turned away. 
Dimetradon [A\ was 
a flesh-eating 
pelycosaur that 
attained a length 

2f about 3m (Of) 
Edaphosaurus |B] was 
another 3m long 
pelycosaur but one 
with gentle herbi- 
vorous habits 
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7 The Permian 
deserts of the 
southern continents 
were at times sub- 
jected to ice ages, 

in between these 
glacial periods, they 
‘Supported a sparse 
vegetation of horse: 
tails, conifers 
ferns and seed-ferns. 
Among these lived a 
variety of reptiles 
that ranged from the 
extremely primitive 
to others that dis- 
played advanced 
mammal-like 
characteristics, 
showing them 

to be the ancestors 
of the mammals to 
come. Fauna found in 
the Permian beds of 
South Africa in 
cludes primiti 

tiles such as Pareia. 
saurus(1] and mam- 
‘mal-like types such 
as Endothyodon |2}, 
Lycaenops (3), 
Hotmeyria|4), 
Dicynodon [5] and 
Choerosaurus (6) 
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Reptiles of the past 


Once the lungfish and primitive amphibians 
had finally emerged from the water in the 
Devonian period (345-395 million years 
ago), animal life on land had begun. By the 
Carboniferous (280-345 million years ago) 
the first reptiles had appeared, turning their 
backs completely on their watery ancestry 
To do this, the aquatic amphibian larval 
stage - the tadpole — had to be dispensed with 
and the hard-shelled egg, protected from 
drying out by membranes, and hatching into 
fully developed but tiny adult, was evolved 


Study of the fossil record 

The skeletons of the earliest reptiles and 
amphibians were so alike that it is difficult to 
distinguish between them. The only accurate 
identification lies in the way the eggs were 
produced, which is almost impossible to tell 
from the fossil record, 

The oldest fossil reptile known is 
Hylonomus, a lizard-like creature about Im 
(39in) long, found preserved among the 
stumps of coal-forest trees of the upper Car- 
boniferous. It was one of the cotylosaurs or 

stem reptiles”, a very simple group, from 


on Y” 


[Eaicrocodtites 
[Ei Leards and snakes 
[ED Tortios 


Mammals 


Therkdorts 


3 Tarbosaurus 


280 


which all others developed. The cotylosaurs 
appeared in the Carboniferous, flourished in 
the Permian and vanished in the Triassic 
period 

The skeletons of these creatures differed 
from those of the amphibians in having more 
joints in the toes ~ a feature that was to give 
rise to the more specialized limbs of their 
successors - and a taller, narrower skull, 
hinting at a greater brain development 
Reptiles also possess scales, which were 
lacking in their amphibian forebears. These 
scales are not analogous to those of the 
ancestral fish but were evolved afresh after 
the amphibians had lost them, 

The cotylosaurs expanded rapidly into 
their newly conquered environment and gave 
rise to a large number of new and experi- 
mental forms. Many of these were short- 
lived, but one of the most successful groups 
was the thecodonts [2] 


Thecodonts and dinosaurs 

The thecodonts ~ the name means “socket- 
toothed” and refers to their dental arrange- 
ment ~ stood on their hind limbs and adopted 
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4 The sauropods, 
herbivorous dino: 
saurs of the end of 
the Jurassic, were 
the largest beasts 
‘ever to live on 

land. Atlantosaurus 
(Apatosaurus or 
Brontosaurus) was 
20m (66tt) long, 


Atlantosourus 


5 Styracoseurus 


3 The theropods were 
great carnivorou: 
lizard-hipped dino- 
savrs. The terrifying 
Tarbosaurus was 
12m (39tt) long. 


a semi-upright mode of movement balanced 
by a long tail. This freed the forelimbs for 
other purposes such as grasping, although the 
animal could have resumed a four-footed 
stance when resting. The thecodonts were 
small creatures but they were to evolve into 
some of the biggest animals that ever lived ~ 
the dinosaurs, 

The word dinosaur, meaning “terrible 
lizard", was coined by the pioneer palacon- 
tologist Richard Owen, in 1842, to describe a 
number of reptilian finds that were coming to 
light in England at that time. “Dinosaur” is 
‘no longer a precise term scientifically, but is 
used as a convenient blanket category that 
includes the two orders Saurischia and 
Ornithischia 

The Saurischia ~ meaning “lizard hips” - 
are so named because the bones of the hip 
resemble those of a lizard [3]. The group is 
subdivided according to the arrangement of 
the bones of the feet - theropods had feet like 
mammals and sauropods feet like lizards, 
The theropods were the two-legged, meat- 
eating dinosaurs and they appeared ina great 
variety of sizes: Podokesaurus was chicken- 


1 The diversifica- 2 Scleromochius 
tion of reptiles from 

amphibian-like coty: 

Josaurs took pi 
in the upper Pal 
zoic and gave rise 
to the thecodonts 
and other groups. 
(Numbers reter to 
illustrations below.) 


10 


2 The thecodonts, or 
“socket-toothed" rep 
tiles, were fairly 
small lizard-ike ani 
mals that gave rise to 
‘some of the strangest 
beasts that ever 
lived. They adopted 
a two-legged stano 
leaving the forelimbs 
free for grasping 
This is evident in 
many of their descen 
dants and although 
most of the dinosaurs 
reverted to a four 
footed stance their 
forelimbs remained 
short. The thecodont 
Scleromochlus had a 
length of 1m (39in) 


5 The bird-hipped 
dinosaurs were her 
bivorous and most of 
them were equipped 
with armour of some 
sort that served as 
protection against 
the theropods 


Inthe ceratopsians 
the armour took the 
form of head shield 
and horns, leaving 
the rest of the 
animal unarmoured. 
The limbs helped in 
detence as well, the 
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hind limbs carrying 
the weight of the 
body and the fore. 
limbs turning It 
quickly to face an 
attacker. The cera 
topsians differed 
from each other in 
the number of horns. 
Styracosaurus lived 
inthe Cretaceous, 


sized, whereas at the other end of the scale 
the Tyrannosaurus was 12m (40ft) long, The 
sauropods the huge, long-necked 
vegetarian dinosaurs that flourished in the 
upper Jurassic and lower Cretaceous [4] 
Diplodocus was 25m (82{t) long. Brach- 
iosaurus weighed more than 50 tonnes. 


were 


The herbivores and early birds 

The Ornithischia—meaning “bird hips — had 
hip bones arranged like those of a bird and 
were herbivores. They are classified into four 
groups. Ceratopsia [5], rhinoceros-like with 
an arrangement of armour on the head, lived 
in the upper Cretaceous. Triceratops was 
typical of this group, with three forward: 
pointing horns and a bony neck frill 
Stegosauria were late Jurassic and early Cre- 
taceous forms that had armour mounted 
vertically down the back. Kentrurosaurus was 
similar to Stegosaurus [6] but had an armour 
of spines rather than plates. ‘The 
Ankylosauria, squat creatures from the 
upper Cretaceous, had a tight mosaic of 
armour plates upon their backs 
Scolosaurus {7} had a bony club on the end of 


and 


6 The armour of the 
stegosaurians, as in 
Stegosaurus, con. 


sisted of a double 
row of bony plates 
mounted vertically 
along the spine, 
These beasts lived in 
the upper Jurassic. 


9 The sea-tiving 
reptiles, such os 
Plesiosaurus 

and ichthyosaurus, 
evolved from the 
cotylosaurian 
stock quite early 


10Quetea 


10 The pterosaur 
group was another 
offshoot of the the- 
codonts. These were 
fiving reptiles that 
had wings of thin 
membrane stretched 
between the hind legs 
and body and ex 
tended fourth digit 

in the forelimb 

This enormous form 
recently found, from 
the upper Cretaceous 
was named only 

in 1975, its wing 
span was 15m (4gft) 


its tail. The last of the four Ornithischia 
groups, the Ornithopoda [8], differed from 
the other three in having a bipedal stance and 
a lack of armour. One of these - Anatosaurus 
~ possessed features that suggest it may have 
been semi-aquatic 

Some experts believe that the dinosaurs 
and the other large fossil reptiles, including 
the flying pterosaurs [10], were warm- 
blooded and more like mammals than 
reptiles in their behaviour. If this had been 
the case, then the animals shown in the 
illustrations would look much more active, 
and some would possibly have had fur. 

The first birds [11] may have evolved 
directly from the bird-hipped dinosaurs and 
if the warm blood theory is correct ~it seems 
likely that feathers were first developed from 
scales for insulation and that the power of 
flight came later. 

Some offshoots of the cotylosaurs 
returned to the sea [9]. But the most sig- 
nificant offshoot was that which first pro- 
duced mammal-like reptiles with mammal- 
like teeth and limbs, and finally in the Triassic 
the first primitive mammals, 


7 The ankylosaurians 
wore also a heavily 
armoured group but 
they were squat 
animals and thoir 


armour was arranged 
a5 a compact mosaic 
over their backs. 
‘Some form of weapon 


7 Scoloseurus 


leMhyossurus 


11 Archaeopteryx 
was the earliest known 
recognizable bird 

and dates from the 
upper Jurassic. The 
presence of wings 
and feathers define 
it.asa bird, but the 
skeleton is quite 
reptilian. The wings, 
instead of being the 
specialized flying 
limbs of modern. 
birds, were really 
elongated thecodont 
forelimbs, complete 
with claws. The tail 
was a lizard's tall 

and the skull had 
teeth, The small 
breastbone shows it 
was a poor flyer. It 
was descended from 
the thecodonts, 
possibly via the 
bird-hipped dinosaurs. 
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was usually present 
on the tail. The 6m 
(20ft) Scolosaurus 
lived in the 

upper Cretaceous, 
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570 
Millions of 
yeats ago 


8 The ornithopods 
were bipedal, herbi 
vorous, bird-hipped 
dinosaurs that usu 
ally lacked armour 
Iguanodon of the 
lower Cretaceous 
was 10m (33tt) long 


12 The line of the 
theriodonts, mammal: 
like reptiles, formed 
an early and perhaps 
the most important 
offshoot from the 


primitive cotylosaurs. 
They resembled mam: 
‘mais in their teeth, 
limbs and stance. 
Many types have been 
found ranging from 


reptiles with some 
mammal traits, such 
as Titanophoneus A), 
to virtual mammal 
for example Oligo! 
phus [B), 


The age of reptiles 


The age of reptiles began about 225 million 
years ago and ended, for no known reason, 
about 65 million years ago, The Mesozoic 
era, asit is called, was made up of the Triassic, 
Jurassic and Cretaceous periods. During that 
time reptiles dominated land, sea and sky, 
and evolved into what were some of the 
largest and most terrible land animals that 
ever lived ~ the mighty dinosaurs. 


Reptiles return to the sea 

The oldest period of the Mesozoic, the 
Triassic [1], saw a perpetuation of the desert 
environment that had been established 
during the preceding Permian period. Moun- 
tain ranges that had arisen during the Per- 
mian in the Northern Hemisphere were worn 
down to arid hills and plains with scattered 
salt lakes, Plant life differed little from that of 
the previous era, consisting mostly of ferns 
and horsetails in the moist areas and conifers 
such as Voltzia and Araucarites, which 
resembled modern monkey-puzzles, on the 
drier hill slopes. While the desert environ- 
ment had changed little, this was certainly not 
true of its inhabitants, The complex interac- 


2 Inthe region of The sea abounded in 
Bavaria during the swimming reptiles 
periodthere that were even 
was a series of better adapted to 
life in the sea th 
those of the Tri 
These included 


stone was slowly 


Ichthyosaurus (4), 
precipitated in them 


which was fish 
ped, Plesiosaurus (5) 
with its long neck, 
and Steneosaurus (6), 


plants that lived in 


the area. The most ‘8 8ea crocodile, Up 
significant fossil to 7m (23ft) long, 
from these deposits they ate fish such 

is Archaeopteryx |1]. _as the early banjo 
This is regarded as fish (7], Macrosem- 
the first bird be- jus (B) and Mesodon 
cause it had wings [9], Also inthe 

and feathers, but lagoons lived squid- 


some experts clai 


like belemnites (10) 
ind lobsters, prawns. 
\d king-crabs. In 
dergrowth of 
and 
along the mud banks 
the of the shoreline ran 
the smallest dino- 
saur Compsognathus, 
[11] which was the 
size of a chicken, 
and Homoeosaurus 
(12), alizard-like 
lated to 
Modern tuatara 


like skull, tail and 
fingers. Also flying 
above the lagoons 
were pterosa 
gliding reptil 
such a8 Pterodacty- 
Jus [2] and the long- 
tailed Rhamphorhyn- 
chus [3], They ranged 
in size between that, 
of a sparrow and of 
an eagle, Archaeopt- 
eryxwas crow-sized 
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tion of living things that prevailed in the 
‘oceans during the Palaeozoic was swept aw: 
and replaced by a new order of existence. The 
cephalopods of the time ~ early relatives of 
modern squids and octopuses - developed 
into ammonites, an advanced group with 
bodies encased in chambered shells that was 
to dominate the seas of the Mesozoic. 

In the seas and estuaries aquatic reptiles 
were becoming prominent. Some groups, 
that had evolved from amphibians to lead a 
totally dry-land existence, found it advan- 
tageous to return to the sea. Asa result, they 
adopted aquatic features such as webbed feet 
and streamlined bodies that enabled them to 
exploit their ancestral environment as 
expertly as their forebears had done. 

On land, the reptiles were extremely ver- 
satile. Kuehneosaurus even took to the airon 
Primitive gliding wings like those of the so- 
called flying lizards found in Malaysia today 
The mammals had evolved, but they were 
tiny and left few remains, Among the land- 
dwelling reptiles was a lizard-like creature, a 
thecodont, no bigger than a turkey, that 
began to walk on its hind legs, leaving its 


forelimbs free for grasping or balancing, This 
small creature was the ancestor of the great 
dinosaurs that were destined for future 
domination of the earth, 

During the Jurassic period [2, 3] about 
190 million years ago the single large conti- 
nent that had been in existence during most 
of the upper Palaeozoic was splitting up as 
continental drift continued. The main crack 
ran from north to south, eventually widening 
to become the Atlantic Ocean, with Europe 
first separating from North America, fol- 
lowed by Africa from South America, Humid 
climates returned to the continents and lush 
vegetation grew over most of the world. 


‘The coming of the dinosaurs 

The jungles of the Jurassic consisted mostly 
of ferns and tree ferns, with stands of con- 
ifers. The Bennettitales ~ gymnosperms that 
resembled cycads ~ with their thick, stumpy 
trunks and crowns of fern-like leaves, pro- 
vided the closest thing to flowers — rosettes of 
seed-bearing cones. Reed beds of horsetails 
grew by the shallow waters, These were the 
jungles in which the great dinosaurs of the 


1 Central Europe in 
Triassic times was 
covered by 3 Ww, 
limy sea surrounded 
by low-lying desert 


to the group ances- 


‘of the neck and a 
shortening of the 
tail, both plesio- 


cation of the reptiles 


that was taking place length of 3m (10ft), 
onlandwasevident Most fish-like was the 
inthe well 2m (6.5ft) Mixosaurus 
and several groups [3], an early ichthyo- 


adopted features that ‘saur, It hed limbs 
equipped them fora modified into paddies 
sea-going existence. and the start of a 
Placodus {1} retained fish-like tail and 


a familiar reptilian dorsal fin. These 
pe but had webbed 
feet and a flattened 
tail to help itto 

swim, and rounded, 
knob-like teeth for 

ing shollfish. 
Itattained a length 

of 2m (6.5ft), Notho- 
saurus [2] belonged 
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us, (4) a flying fish, 
and Semionotus [5], 
The invertebrate 

fauna was typical of 
the Mesozoic with the 
ammonites, cepha- 
lopads with coiled 


® © 


CONNECTIONS: 


very much in 
nce. They dif- 


{6] having longi- 
tudinal ribs and 
Trachyceras |7) 
transverse ribs. 
Shellfish were a 
mixture of brachio- 
ds like Coenothyris 
‘and Tetractinelia 
(9), and biva 
such 

{10}. Son lilies like 
Encrinites (111 flou: 
rished. The bodies 


bed, which was later 
solidified into lime- 
‘stone, then raised 
to form the Alps. 
‘These organisms 
were found fossil 
ized in north italy. 
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Jurassic period lived. There was ample 
Vegetation to support the herbivorous 
sauropods and bird-hipped dinosaurs, the 
prey of the carnivorous theropods. Also pre- 
sent were the gliding pterosaurs, crocodiles 
and the early mammals, 

Most of the remains of those ancient land 
creatures that can be seen in museums today 
were preserved because they fell into water 
and were buried by sediments when they 
died, Such a rare and fortunate combination 
of circumstances occurred in Bavaria where, 
in upper Jurassic times, fine-grained limes- 
tone was gently precipitated into shallow 
lagoons. The animal and plant life preserved 
by this process has provided us with a full pic- 
ture of the extreme specialization of reptiles 
into an abundance of flying and swimming 
types, from the appearance of the smallest 
dinosaurs to the first true bird. 


Last of the dinosaurs 

The Cretaceous period [4, 5], which began 
about 135 million years ago, was a time of 
spreading, shallow seas. There the swimming 
reptiles reached the peak of their dominance 


4 The Cretaceous 


ranging in size from 
J Triceratops (1) 7m 
icin (23) to Brachycera- 
that modern trees tops [2] 2m (6.5tt), 
began to repla The theropods that 
fed on them wer 


The huge like Tyrannosau- 
animal life, however, rus [3] at 12m (39ft), 
did notundergo any _but there were also 


major change and the 
dinosaurs were still 
the dominant life 
form. Although many 
of these became 

truly enormous, some 


‘small theropods. Orni- 
thomimus (4) was 4m 
(13ft) long and built 
like an ostrich, tt 
probably fed on small 


of the Cretaceous 
just before the 
dinosaurs died out, 


of the armoured 
dinosaurs were 


as did the ammonites. On land, ferns and 
cycads gave way to the more familiar willow, 
sycamore and oak, These lands supported the 
last and greatest of the dinosaurs. Flying 
reptiles also grew to enormous sizes at the 
end of the period and one pterosaur had a 
wing span of 15.5m (50ft) 

At the end of the Cretaceous period a 
number of sweeping changes took place in 
the earth’s animal life. The dinosaurs died 
out, as did the specialized swimming and 
flying reptiles, together with the ammonites 
and belemnites. Nobody knows for certain 
why this happened although many theories 
have been advanced to account for it. The 
most plausible explanation is that the 
environments, after tens of millions of years 
of stability, began to change, draining 
swamps, altering the climate and modifying 
vegetation. The dinosaurs found themselves 
unable to adapt to a radically new life-style, 
Whatever the reason, the distinctive, repti- 
lian life form of the Mesozoic became com- 
pletely extinct more than 65 million years 
ago, leaving the mammals with the oppor- 
tunity to emerge into dominance 


5 The seas of the 
Cretaceous period 
were rich in micro: 
scopic limy algae, 
the shells of which 
accumulated on the 
floor to form 


(10ft) long herring Por- 
theus (4) and the 

living “ghost shark’ 
Scapanorhynchus (8) 
Ammonites such as 
Acanthoceras 

(6), Bacu/ites (7| and 
See 


creatures of the 
time were the rep- 

tiles: the 15m (50ft) 
plesiosaur E/as- 
mosaurus |1), 66% of 
which was neck, the 
great sea lizard 
Tylosaurus (2| and the 


a free-swimming 
organism. Above 

the water soared the 
pterosaurs Pteranodon 
[10] and Nyctosaurus 
[11]. Specialized sea 
birds like ichthy- 


turtle with a 3m (10f) —_ornis [12] and flight- 
shell (Archelon) [3] less Hesperornis|13) 
Fish include the3m _existed at the time, 


"EY Quaternas oe ee ee 
deals tat fot toot beak beet | 
Tertiary EY a 3 a = 
3 ey & op 
4» Cletaceous 
8 
Thassie 
Permian 
Carboniferous 


Precambrian 
3 In the upper form the rocks of dinosaurs that ted on 
Jurassic of North them included the 
Am here i huge sauropods 
Sequence of rocks Atlantosaurus (Apat- 


horsetails (1), ferns, 
cycad-like plants and 


called the Morrison 
Formation which is 
famous forthe bones conifers. Among 

of giant dinosaurs these browsed 

found in it. During the herbivorous dino- 
the upper Jurassic saurs, which were 
the Rocky Mountains 
were just beginning 
to rise and material 
washed off them was 
spread by sluggish, 
winding streams to 
form a low fertile 


osaurus or Bronto- 
saurus) [7] and 
Camarasaurus {8} 
the armoured St 
saurus (9) and the 
ornithopod Campto- 
saurus (10). The: 
were preyed on by 

the theropod Antro- 
demus\or Allosaurus) 
[11] and crocodiles 
[12] that were 
like modern type 


preyed on by the 
theropods, The most 
common plants were 
conifers [2], tree 
ferns (3), Willlarn 
sonia (4) and ot 
Bennettitales (5), and 


plain to the east, the ginkgo tree (6) Primitive mammals 
‘The sand-spits and which was wide- [13] were present, 
mudbanks of these Spread at that time, but were still small 


rivors, destined to The herbivorous and insignificant 


Mammals of the past 


In the early days of reptile evolution during 
the Permian and Triassic periods, the line was 
established that was to lead to the mammals 
and eventually to man himself, The line was 
established by certain reptiles with features 
that later came to characterize the mammals 


Mammalian characteristics 

These mammalian characteristics include 
warm-bloodedness and hair (unfortunately 
impossible to determine from fossil. evi- 
dence). which are both temperature- 
regulating systems. A reptile can operate 
only with short bursts of activity followed by 
Jong periods of rest. A mammal, on the other 
hand, can live a continuously active exis- 
tence. To support this it needs more food and 
1 more efficient digestive system, thus diffe- 
rent cutting, tearing and chewing teeth 
evolved. The palate appeared, enabling an 
animal to eat and breathe at the same time. 
The lower jaw became a more simple struc- 
ture and an advanced hinge enabled it to be 
brought up to the upper jaw with great accu- 
racy, allowing a more precise chewing action. 
With this simplification of the jaw the bones 


Triconodonts 


‘left over” were incorporated into the ear 
and made hearing more efficient. But the 
most significant difference between mam- 
mals and reptiles is in reproduction. A 
mammal bears its young alive in a more or 
less fit state to survive, In contrast reptile 
development usually takes place in an egg at 
the mercy of the elements and any predators. 


Ancient mammalian groups 

Despite the advantages conferred by 
mammalian anatomy and physiology the new 
line did not catch on for some 160 million 
years. During the Mesozoic the mammals 
existed in several orders all of which con- 
sisted of small creatures resembling shrews, 
These differed from one another in their 
teeth, but very little is known about them for 
their remains are scattered and fragmentary 
They suffered a fate similar to that of the 
carly reptiles ~ extinction = and only one line 
really came to anything, These were the pan- 
totheres that gave rise to practically all 
modern mammals, One of the ancient groups 
is represented today by the monotremes ~ the 
echidna and duck-billed platypus. These are 


Rodents 
Primates 


Insectivoros 


Whales 


Carnivores 


Artioducty ls 


Living mammal groups 


Porissodactyls 


Elephants 


Monotremes 


Multituberculates 


Morganucodonts 


3 The marsupials, a 
group of mammals 
that carry their 

young in pouches, 
developed early and 
some grew to a large 
size, Diprotodon 
was a Pleistocene 
wombat as large 

as.a grizzly bear 


4 The rhinoceros 
group isa division 

of the perisso: 
dactyls (odd-toed 
ungulates) that has 
existed fora long 
time. The earliest 
known is Hyrachyus 
[Al, adog-sized crea 
ture from the Eocene. 


3 Diprotoden 


This developed into 
Baluchitherium |B}, 
the largest land mam 
mal ever, 5m (16ft) 
high. Later members, 
such as the woolly 
rhinoceros (C}, 
achieved the 

more modest size of 
today's rhinoceros. 


true mammals, although they lay eggs, and 
were it not for their specialized life-styles 
they could provide a valuable insight into 
mammalian evolution, 

The extinction of most orders of reptiles 
at the end of the Mesozoic left the environ: 
ments empty and the small mamma 
expanded and diversified to fill the void. 
They produced hoofed animals to browse the 
forests and graze the plains, carnivores to 
feed on the herbivores, rodents to live in the 
undergrowth, primates to climb trees, bats to 
fly and whales to swim in the seas while the 
original mode of life was continued by the 
insectivores, All this evolutionary advance 
Was established within a few million years of 
the extinction of the great reptiles. 


‘Tracing the evolutionary lines 
This spectacular evolution of the mammals 
began in the Tertiary period a mere 65 
million years ago, so the remains of the 
extinct mammals tend to be better preserved 
than those of the great reptiles that preceded 
them and evolutionary lines of the horses are 
well known, from the tiny Hyracotherium 


1 Mammais evolved 
inthe Triassic 
from reptiles with 
mammal-like chara 
teristics. They formed 
several groups, 

each possibly descen: 
ded from the reptiles 
Separately. Of these 
groups all have died 
Out except two, and 
one of those ~ the 
monotremes — has 
‘only two living ex 
amples, the platypus: 
and the echidna. The 
other group, the 
pantotheres, has 
diversified into the 
wide range of mam: 
mal life known today 
Little is known about 
the other early 
groups because fos. 
sile are rare; they 
remain enigmatic 


2 Mogarostrodon 


2 Megazostrodon was 
‘one of the earliest 
pantotheres and Its 
remains have been 


creatures none found in Triassic 
larger than a cat, rocks of Africa. it 
differing from each was about 10cm (4in) 


other inthe shape 
and the arrangement 
of their teeth, 


in length and was 
built rather like a 
reptile. Itcan be 


CONNECTIONS: 
See also 


regarded as being 
very close tothe 
Cestor of modern 
mammals, if not the 
actual ancestor, and 
its appearance was 
typical of that of 

all primitive mammals 
during the time of 
reptila dominance 


(cohippus) to the present-day Equus. The 
evolution of the titanotheres~ clephant-sized 
thinoceros-like herbivores ~ can be traced 
from the dog-sized Eoritanops of the Eocene 
to the massive Brontotherium that lived just 
before the extinction of the line some 40 
million years later. But most evolutionary 
lines cannot be followed directly and only the 
Temains of creatures that were offshoots from 
the main branch have been found. Many of 
the offshoots, such as the rhinoceroses and 
elephants, specialized in widely differing 
modes of life, 

Certain mammals, however. showed what 
is known as convergent evolution in which 
unrelated creatures adopt similar life-styles 
and to look like one another 
Coryphodon of the Eocene behaved and 
looked like the hippopotamus but was not 
related to it. Stenomylus was a camel that 
looked more like a gazelle and lived on grassy 
plains rather than in deserts 

Carnivores as we know them developed 
in Oligocene times, quite late in the history of 
mammals. They were preceded by the 
archaic carnivores = the creodonts - which 


evolve 


5 Extinct elephants 
differed from each 
other in the shape 
of the head. After 
the tapirlike Eocene 


ancestral Moerither- 
jum [A], the body size 
800n reached that of 
today's elephants, 


5 


6 The armadillo 
family was ropresent 
ed in the Pleisto. 

cene by glyptodonts 


such as 3m (10ft) 
long Deedicurus, 


Glyptodont 
Doedieuus 


Onynena 


9 Carnivorous mam- 
mals evolved to feed 
on the newly deve: 
loped herbivoraus 
mammals, The early 
carnivores, called 
creodonts, were 
quite unlike any we 
know today. They 
included animals 
such as Oxyaena 


It was not until late 
in the Eocene or the 
Oligocene that their 
descendants, the 
more modern carni 
vores, replaced them. 
These carnivores 


Were quite generalized meat-eating crea 
tures. These probably gave rise to the whales 
as well as to the advanced carnivores such as 
the great wolves and cave bears of the 
Quaternary. Most of the cats throughout the 
Tertiary and Quaternary (such as Hop- 
lophoneus of the Oligocene and Smilodon of 
the Pleistocene) had long sabre-like teeth as 
their weapons, With these they made pow 
erful slashing attacks, wounding their victims 
so deeply that they bled to death. This wasn 
efficient. way of killing the large, thick 
skinned animals that abounded at that time 
Modern cats. on the other hand, have smaller 
teeth and can run down fast grazing animals 
and kill them by breaking their necks, 

Extinet side branches from the ungulate 
and elephant lines gave rise to the uintatheres 
~ rhinoceros-like animals with six horns and 
powerful tusks — and chalicotheres, horse- 
like creatures with claws, not hoofs, 

The primates developed rapidly 
throughout the Tertiary from tree shrews and 
tarsier-like creatures in the Eocene, through 
lemurs to monkeys and apes in the late Ter- 
tiary. One of these lines developed into man 


Tritophodon |B] from 
the Miocene had four 
tusks, two in the 

upper jaw and two in 


the lower, Miocene 
Deinotherium (C| had 
8 pair of downward 


7 Brontotherium re. 
sembled a rhinoceros: 
but was not closely 
related, being a 


which was heavily 
armoured and carried 
a bony club on the 
end of its tail 


7 Brontotherium platyceras 


Cove bear 
Ursus spelueus 


Zeuglodon 


EE 


Quaternary 


Tortiary 
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Trossic 


Permian 


Carboniferous 


Devonian 


Ordovician 


Cambrian 


Precambnan 


curving tusks in the 
lower jaw, probably 
used as picks. Platy: 
belodon [D}, also fram 


member of the ex: 
tinct titanotheres, 

It stood almost 3m 
(10ft) high and lived 
in the Oligocene, 


were, even then, 
divided into the 
groups that are now 
familiar —cats, 

dogs, bears, weasels 
and also seals. 
Ursus spelaeus, the 
cave bear, was one 
of the larger Pleis: 
tocene carnivores 
but modified its feed. 
ing habits and lived 
on roots and nuts, A 
very different des: 
condant of the creo- 
donts is the whale, 
itadopted its fish 
like form rapidly, as 
inthe Eocene Zou: 
glodon, but has 
since evolved both 
socially and mentally 


the Miocene, had its 
lower tusks expanded 
and flattened into a 

kind of shovel for 


scooping water-weed 
Mammuthus |E}, the 
Pleistocene woolly 
mammoth, was adapt 
ed to withstand cold 


8 Sivatherium was a 
giraffe although it 
looked more like @ 
moose than today's 


giratfes. It was 
heavily built and 
carried two pairs of 
horns on its head, a 
small pair above the 
eyes and a large 
pair farther back 


‘Sivatherium 


10 Primates began to 10 Notharctus 
evolve from Eocene 

insectivores that re. 
sembled tree-shrows, 
Notharctus was a 
lemur-like creature 
‘on the road to man, 
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The age of mammals 


Earth's most recent geological history, the 
last 65 million years or so, is known as the 
Cenozoic era and is made up of the Tertiary 
and Quaternary periods. During that time 
landforms and climates changed slowly to the 
ones found on the earth today 


Mammals make their bow 

The first 27 million years of the Tertiary is 
divided into the Palaeocene (“ancient 
period") and the Eocene [1] (“dawn of 
modern life”) during which mammals first 
began to play a dominant role in the life of the 
planet. The complete extinction of the great 
reptiles of the Mesozoic left the forests and 
plains deserted; as a result, the then humble 
mammal evolved within a few million years 
into a vast number of different forms that 
could make full use of the empty environ- 
ments. The first mammals appeared in the 
Mesozoic: tiny animals known principally 
from their teeth - their fragile bones are 
rarely preserved. After these came the 
marsupials (pouched animals) and the 
placentals (animals that are nourished inside 
the mother’s body). The placentals became 


<=> 


1 Southern England 
in Eocene times was 
a subtropical low: 
land supporting 
swamps of moder 
plants such as swamp 
cypress [2], nipa 
palm [5], sabal palm 
[10] and magnolia (3), 
Mammais were by 
then common in. 
such environments, 


In detail they might 
have looked odd to 
us, but in general 
their shapes and 
life-styles would 
not have differed 
much from today’s 
animals. The hippo 
potamus-like Cory. 
phodon 6} livedon 
river banks and fed 
onthe rootstorn up 
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dominant during the Eocene. So rapid was 
the evolution that all modern groups of mam- 
mals were represented, including maritime 
kinds such as whales and flying kinds such as 
bats. Birds also began to resemble their 
modern counterparts, although some became 
highly specialized and developed into crea- 
tures such as the ferocious, flightless, 2m 
(6ft) high Diatryma, which must have 
behaved rather like the smaller carnivorous 
dinosaurs. Bivalves and gastropods such as 
we have today appeared in the seas together 
with the kind of fish that we are familiar with 
and a species of large, coin-shaped 
foraminiferan. 

‘The Oligocene, which embraced the next 
12 million years of the Tertiary, provided a 
continuation of the Eocene environment 
during which basic stocks of animal life 
became specialized. Horses, which appeared 
carly in the Eocene in the form of 
Hyracotherium (Eohippus), remained as 
forest-dwelling browsers but became a little 
larger. Rhinoceros-like creatures appeared 
such as Arsinoitherium, which had two small 
horns above the eyes and an enormous pair 


” Sad 


* 


by its powerful 
tusks, Inthe for- 
ests lived the tiny 
early horse Hyraco- 
theriumm{8) that hed 
aheight of about 30 
om (12in) atthe 
shoulder. twas 
adapted for lifein 
the undergrowth and 
its teeth were suit. 
able for cropping 


leaves rather than 
grass. The birds, 

too, had spread and 
evolved into types 
that would be recog- 
nized today. Halcy- 
cornis{1] wasa king- 
fisher that lived 
above the waters of 
theswamps and 
streams. Lithornis(11] 
wasa vulture that 


pointing forwards above the nose, and the 
titanotheres, which were the size of elephants 
and carried great Y-shaped horns on their 
noses. These creatures only superficially 
resembled the true rhinoceroses that roamed 
the plains at this time 


Runners of the plains 
During the next 19 million years — the 
Miocene [2] — the climate became more 
temperate. Grasslands flourished as the for- 
ests dwindled, and more animals became 
adapted to life in the open. Horses became 
longer-legged and their toes, which originally 
had numbered four in front and three behind, 
became fewer. In this way the animals 
became adapted to running on the plains, 
while their teeth became more suitable for 
eating grass than leaves. An carly camel, Pro- 
tylopus, was about the same size as the first 
horse. But in the Miocene, along with deer 
and other running creatures, it also grew leg- 
gier and better adapted to the plains. This 
was a time of upheaval in the earth. The Alps 
and Himalayas were being pushed up, the 
Andes were still rising and there was volcanic 
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was very similarto 
the vultures flying 
today. The gannet 


Its beak was serra: 
ted with rows of 
barbs that resembled 
sharp teeth. Nobody 
knows for certain 
what colour these 


great reptiles of 
the Mesozoichad 
disappeared, only 
the more humble 
forms, such as liz 


i 


CONNECTIONS, 
See also 


livedon. inthis 
particular areathe 
temains of croco: 
diles 4] andthe 
river-turtle Podoc- 
nemis|7| have been 
found. Both these 
animals were virtu: 
ally identical with 
types that are found 
in present-day 
rivers and swamps. 


activity in North America accompanying the 
continuing upheaval of the Rockies. 

After the Miocene came the 
comparatively short Pliocene, lasting about 
five million years. The huge, unwieldy mam- 
mals of earlier ages had died out and the ani- 
mals that replaced them looked very much 
like the kinds we know today, The most 
important innovation was the appearance of 
an ape. Australopithecus, which walked 
upright on the plains of Africa and was 
advanced enough to use simple tools. 


The coming of the ice ages 

The lowering of temperatures at the end of 
the Pliocene heralded the coming of the 
Pleistocene [3] ice age about two million 
years ago. This was also the beginning of the 
Quaternary period - the age of man. The 
glaciers came and went four times in response 
to a changing climate, and the animal life of 
the Northern Hemisphere had to adapt to it 
The animals living in what are now temperate 
latitudes were Arctic forms with thick fur 
which were able to subsist on conifers, bir- 
ches and lichens. The woolly mammoth, mas- 


2 During the Miocene 2 
the forests that 

were typical of the 
lower Tertiary thin- 

ned out and were 
replaced by open 

gre ds, Running 
nimals roamed these 
plains in herds. The 
plains of the lower 
Miocene of North 
America looked very 
much like modern, 
savannas. The Rocky 
Mountains were 

still being pushed 
upand this process 

was accompanied by 
great volcanic acti: 

Vity. Primitive 

had evolved 
into Parahippus (1) 
which showed a 
reduction of toes to 
three on each foot 
(from the original 

four onthe fore. 

feet), an 
tation of teeth to. 
grazing, Dinohyus 
(2)wasapigas 
large as an ox. 
Acorkscrew-shaped 
burrow [3]. given the 
name Daemonelix, 
may have been 
‘occupied by some 
kind of rodent. Di- 
ceratherium (4) was 
asmaill, two-horned 
early rhinoceros, 


SO 
SNES 
Stenomylus(5] was a 
long-necked camel 
that lived in herds 
do today’s antelopes. 
‘Moropus|6] wasrela- 
tedto the horse 

but had claws 
instead of hooves. 


todon and the woolly rhinoceros lived in this 
manner and fell prey to early man with his 
hunting skills. South of the ice sheets, 
Smilodon, a sabre-toothed "tiger", wrought 
havoc among the heavy, slow-moving ground 
sloths and the mastodons. Glacial conditions 
did not affect the whole of the world, nor 
were they continuous even in the glaciated 
areas. Warm periods occurred between the 
advances of the ice and during such times 
even elephants lived in latitudes as far north 
as the British Isles. 

The Holocene, or Recent, which dates 
from the end of the Pleistocene, is such a 
short epoch that it cannot really be regarded 
as a distinct geological division. The modern 
pattern of climatic zones with different 
weather conditions seems to be exceptional 
and more stable worldwide climatic condi- 
tions seem to have existed throughout 
geological time - for example during the 
times when the deserts of the Permian and 
the forests of the Eocene covered the land. 
‘The last ice sheet has barely receded and it is 
possible that today’s environment is another 
Pleistocene interglacial stage 


3 A good selection These pits: 

of Pleistacene unwary cre 
organismsrepresent- _andtheirstruggles 
ative of an almost attracted scavengers 
modern fauna was and predators that 
found in the tar were themselves 


pits of California, trapped. As wel 
at Rancho La Brea, jamiliar-looking 


Key 


Quaternary 2 
Cenozoic Banh 

Tortian . = H 

v : ie Biss 
2 é 

i Cretaceous | - a = i 
= sutassic 

Tiiassic 

Permian 

Carboniferous 

Devonian 
j Silurian 
& 


Procombrion 


oraiaapisrer 1 Raboit Lepus sp 8 Camel Comelops so 
dian dote le 2 Stoat Mustelesp 8 Bie wait 

wolves, horses, * permvlodon ss" 10 Herne Sue ap 
bison and storks, Lion Panthere stiox 1% Bison 


there were ore 


Bison antiquus 
Sabre-tooihed “tiger 
Sinilogon sp 
Giant condor 
Teratornis 6p 


Mammuthus imperator 12 
Mastodon 
Mammut americanus 13 


4 
5 Mammoth 
6 

7. Stork Cicomia maitha 


287 


ss 


Regions of the earth: zoogeography 


Zoogeography is the study of the geog- 
raphical distribution of animals which 

tempts to explain why, for example, kan- 
garoos are found only in Australia and 
ostriches only in Africa, It is broad in its con- 
cepts and demands knowledge not only of 
Present-day geography but also of the pat- 
terns and timings of changes in the location of 
land masses during the earth's development 


‘The drifting continents 
The present-day distribution of animal 
speci largely be explained by the theory 
of continental drift, According to this theory 
the continents were once a huge land mass 
called Pangaea which — over millions of years 
split into parts that drifted to their present 
positions, each taking with them their resi 
dent animals 
The theory of continental drift has firm 
backing in the fossil record, The fossil skull of 
Lystrosaurus, a reptile from the Triassic of 
over 200 million years ago, has been found in 
Antarctica. Similar fossils have been found in 
South Africa and the rock structures in which 
they were embedded are so closely linked 
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that continental drift is the only plausible 
explanation currently available 

For convenience of study the earth is 
divided into six main zoogeographical reg- 
ions [Key]. The ecological conditions of the 
regions vary. and even within the same region 
there may be huge variation. The Palacarctic 
region, which stretches from the Arctic north 
of Siberia to the tropical Far East, provides 
an extreme example of this. 

Most animals have precise ecological 
requirements and for this reason they occupy 
specific ecological niches. Those with wide 
tolerances, such as rats, locusts or starlings, 
are regarded as pests while those with narrow 
tolerance may be rare species. Because many 
kinds of vegetation are common to all regions 
@ certain number of common ecological 
niches are found in all of them, Each region 
has, for example, some animals that graze on 
grass, some that browse on foliage, and some 
that suck nectar from flowers, The species of 
animals filling similar niches vary from region 
to region, leading to characteristic inter- 
regional differences between fuana. 

The continents became separate so long 


ed 


ago that in each one evolution has taken 
place “in parallel”. Similar adaptations. to 
similar ecological niches has produced so- 
called ecological equivalents [3]. Equivalent 
species are, of course, not identical and usu- She sone 
ally differ widely in their behaviour, 
physiology and anatomy . 7 

Some species are without equivalents 
because of unsuitable physical and climatic) 
conditions; for example, there are no truly 
arboreal leaf-eating mammals ~ the equiva: 
lents of the Ethiopian and Neotropical mon- 
keys —in the Palaearctic and Nearctic 


CONNECTIONS 


The Australian example 

Adaptation and the process of natural selec 
tion are the keys to an understanding of 
zoogeography. Their operation can best be 
described by the example of the continent of 
Australia. It broke off from a southern conti 
nental land mass, called Gondwanaland, at 
the end of the Mesozoic era just when the 
pouch-bearing mammals, the marsupials, 
were beginning to evolve from a primitive 
mammalian stock. It drifted eastwards and 
the marsupials were isolated from the 


1 The Nearctic and 
Neotropical regions 
comprise the New 
World, but are quite 
distinct from one 
another. The fauna 
‘of North America 
resembles that of 
Eurasia ~ possibly a 
result of the exist 
‘ence (more than a 
million years ago) 
ofa land bridge 
where the Bering 
Seais today. Even 
the most “American’ 
animals betray this 
ancient tie, The 
moose (A/ces alces), 
‘an inhabitant of the 
coniferous forest 


belt, is the same 
species as the Euro: 
pean olk. Brown 
bears (Ursus arctos), 
of which the grizzly 
isa particularly 

large race, are dis 
tributed throughout 
the Northern Hemi: 
sphere, and wolves 
(Canis lupus) stilt 
room the forests of 
North America 

Asia, and Europe, 
South of the Missis: 
sippi, the fauna is be 
sically Neotropical 
because the area wos 
re-colonized {rom 
South America during 
the last Ice Age. 


South America wos 
isolated for much 

of the Tertiary period. 
So in the absence 

of competition with 
successive new col 
onizations, its 

fauna evolved into 
countless species 
found nowhere 

else. Among the most 
curious and well 
known are the arma: 
dillos, different 
species of which a 
to be found both 
in open grassland 
and thick cover. All 
seven species of sloth 
come from the dense 
Neotropical forests, 


2 Alfred Wallace 
(1823-1913) gave his 
name to the Wallace 
Line, his version of the 
sea barrier (between 
the islands of indo. 
nesia) that prevented 
Australasian and Indo 
Chinese species 

from intermingling, 


3 Ecological equi- 
valents of the mole 
have evolved in Aus 
alia and Africa, 

All have a similar 
shape of body and 
foot, but are not 
closely related. The 
Australian mole 

is a marsupial 


Marsupial mole (Australian) 
Notoryctes typhiops 


Large golden 
mole (Africa) 
Chrysospalax sp 


Mole (Palooarctic) 
Talpa sp 


later evolution of the placental mammals that 
took place farther north, although land 
bridges may have existed for many millennia 
between Australia and both South America 
and Antarctica, which the placentals failed to 
use. Faced with a welter of available niches 
and no mammalian competitors, the Austra- 
lian marsupials slowly began to evolve into a 
mass of forms each suited to a particular 
niche, a process called adaptive radiation. 

The Australian fauna can be described as 
relict ~ a fauna left behind by the march of 
evolution because of severe physical barriers 
which prevented the spread of animals 
Today, many islands support relict faunas 
and the best known of these is Madagascar 
Its fauna, rich in primitive mammals, birds 
and reptiles suggests what the fauna of Africa 
was like many millions of years ago. 


Barriers to invasion 
Faunal characteristics of regions are main- 
tained by the presence of barriers preventing 
new invasions. If the barriers remained 
inviolable from their origins, faunal differ- 
ences would today be greater than they actu 
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4 The Palacarctic 
region stretches 
from western North 
Africa and the Per. 
sian Gulf tothe 
north of Siberia. ts 
‘eastern limit is the 
Bering Sea. A large 
area — Arctic 
tundra and perma- 
frost~ is inhabited 
by polar bear, Arctic 


Oryx 


fox and reindeer. To 
the south lie coni 
ferous forest and 
temperate deciduous 
woodlands. Both are 
rich in species; the 
Ice Ages and the conse. 
quent climatic effects 
caused all but the 
‘most tolerant species 
to move south, The 
Ethiopian region en: 


PR H00p0tmus 


ally are. But continental shifting of the 
earth's crust’ creates new barriers and 
destroys old ones. Each destruction allows a 
new invasion and mixing of species. Since the 
Pleistocene, which began about two million 
years ago, the fauna of Britain has received 
many elements of European fauna because of 
the temporary existence of land bridges 
linking it with northwest Europe. The Bering 
Sea is now a formidable barrier to animal 
dispersion but in earlier times it was a 
highway between the Nearetic and 
Palaearctic regions. 

Animals with good powers of dispersal 
may not be deterred by even the most 
formidable barriers, Flying animals and 
ocean-dwelling species are frequently dis- 
persed over several regions. Whether or not 
they can survive in another region depends 
on the existence of suitable food and climate. 
Sometimes animals are introduced acciden- 
tally into new regions, 

The occurrence of species in inexplicable 
places serves to emphasize the fact that 
zoogeographical regions are arbitrarily 
drawn and not strict divisions. 
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compasses Africa 
from the Sahara 
southwards and in. 
cludes southern 
Arabia. Straddling 
the Equator, the 
region is mostly trop: 
ical and typified by 
dry, highly seasonal 
grassland, Much of 
west and central 
Africa is covered by 


tropical rain forest 
andis inhabited by 
essentially arboreal 
‘Species such as gor- 
illas, monkeys and 
lorises. The gri 
lands support huge 
herds of grazing and 
browsing herbivores 
and their predators 
=the "big game” of 
Africa. Many of 
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The six main zoogeo- 
graphical regions of 
the world are all, 
apart from the Ori- 
antal region, con 
tinental land masses, 
For some purposes 
the Palaearctic and 
Nearctic are grouped 
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together as the Hol- 
arctic, The divisions 
between regions are 
arbitrary and animals 
with good powers of 
dispersal may be 
found in more than 
‘one region. Each re. 
gion has a character 
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these species roamed 
far into the Palae- 
arctic before the 
formation of the 
Mediterranean Sea 
barrier (evidenced by 
the discovery of fos- 
sil hippopotamuses, 
under the streets of 
London). The Austra- 
lasian region, separ- 
ated from Gondwana- 
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land during the Cret- 
aceous, lacks placental 
mammals that evolved 
after that period. 

Its many primitive 
species, such as the 
duck-billed platypus, 
lungfish and flap- 
footed lizard, have 
never been in com- 
petition with the 

more successful 
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istic fauna typified 
by certain species 
the result of evo! 
ution at different 
places and times and 
of the different in- 
jections of species 
that the drifting 

land masses received. 
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forms that evolved 
later, and so have 
survived. Much of 
the region is desert 
and arid scrub and 
Supports an impover: 
ished fauna. The fer 
tile coastal strip 

s occupied by mar. 
‘supials, which have 
evolved into many 
Specialized forms, 
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The basis of ecology 


No organism alive on earth is an isolated indi- 
vidual. Every plant and animal is a member 
of a dynamic community known as an 
ecosystem [8]. An ecosystem is a complex 
that consists not only of living creatures but 
also of non-living matter and of radiant 
y from the sun. The limits of any 
ecosystem — such as a forest or a stretch of 
sea-shore ~ are always arbitrary because they 
are drawn by man; this whole planet is one 
huge ecosystem. The concept remains 
relevant, however, to the study of ecology, a 
branch of biological science. The aim of 
ecology is to analyse ecosystems in detail and 
to account not only for the effects of each 
organism on the whole ecosystem but also 
for the influence of the system on the 
individual organisms of which it is composed. 


en 


Producers, consumers and decomposers 
Energy is the basic essential of all ecosystems 
without a ready supply of usable energy life 
cannot continue. Green plants make their 
own foods by the process of photosynthesis 
using the plentiful atmospheric components 
carbon dioxide and water, and energy from 


The desert food web 
A] is essentially 
simple. In this 
North American 
example the cacti 


7 All plant and 
animal communities 


are organized along 
essentially similar 
economic lines, 
Ecologists represent 
these in terms of 
diagrams known as 
food webs. In them, 
plants are the 
primary producers 
because they alone 
are able to fix 

solar energy and use 
it to synthesize 
complex food mater 
ials trom the simple 
ingredients of 
carbon dioxide and 
water. The sun's 
energy is locked in 
chemical bonds 
within the plant and 
is used by herbi: 
vores, These animals 
are, in turn, preyed 
on by carnivores. in 
most ecosystems 
the food webs are 
complex and some 
degree of simplifi- 
cation is essential 

to make them 

easy to understand, 


Fixers and 
producers 


Herbivores 


Decom 
poser 
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sunlight, they are able to synthesize sugars. 
These sugars retain, in their chemical 
bonding, some of the sun’s energy and this 
can be released and used to build the more 
complex chemical compounds needed by the 
plant for building its structural and reproduc 
tive elements such as its conducting channels, 
flowers and seeds. 

Unlike plants animals cannot make their 
own foods. Instead they “steal” energy from 
plants and from other animals by eating them 
~ they can live only at the expense of other 
living organisms. Wit y ecosystem 
green plants are thus known as producers or 
fixers of energy, while animals are con- 
sumers, The organisms that feed on the dead 
bodies of plants and animals, causing their 
decay, are decomposers. In any particular 
ecosystem producers, consumers and decom- 
posers live together, rely on each other and 
adapt to each other. The more well defined 
their boundaries of influence become the 
more the ecosystem is said to become closed 

Complex ecosystems may include many 
thousands of species, all interrelating with 
each other to some-degree. Their interactions 


1 The montane biome 4 
fs found in polar, 
temperate and 

tropical regions, 

At the greatest alti 

tudes organisms are 

few and their inter 
relations finely bal: 
anced to overcome 
energy shortages. 


5 Thetemperatefor- 6 
‘est biome supports 
many fewer plant and 
animal species than 

ita tropical counter 

part. This is, how: 

ever, one of the 

most complex natural 
biomes. Its trees are 
typically deciduous, 


are the dominant 
fixers and producers, 
the coyotes and 
hawks the chief 
species of carnivores. 


In temperate wood: 
land [8] the complex 
food web reflects 
the fact that the 
biome has remained 


include feeding and the provision of food, but 
plants and animals can also provide various 
kinds of shelter or protection, nesting mate 
rial and homes for each other 


Links in the food chains 
The fundamental food-providing relatior 
ships between the organisms in an ecosystem 
are often expressed in terms of diagrams 
known as food chains [7]. Most commonly 
these consist of a sequence of species that are 
related to each other as prey and predators 
and most chains are tied to each other by 
cross linkages to form food webs that quickly 
become too complex to be mapped. 

The energy flow within each food chain is 
worldwide, remarkably constant and nearly 
always conforms to the “ten per cent rule 
According to this rule ten per cent of energy 
is transferred at every link in the chain. Thus 
@ herbivore obtains ten per cent of the 
calories in the herbs it eats and so on. This 90 
per cent reduction in available energy deter 
mines the length of the food chain: the ani 
mals at the end of a chain, such as foxes, yield 
too few calories to make preying on them a 


2 The tropicalrain 3 
forest is the 

richest of all the 
biomes. Although 
large animals are 
few, small ones pro: 
liferate in an environ, 
ment offering a 
huge supply of 
available energy. 


4 In the harsh con. 
ditions of the desort, 
plants and animals 
are restricted in 
numbers to those 
able to cope with 

the extremes of 
temperature and with 
the regular con. 
ditions of drought 


6 The life forms of 
the ocean are far 
greater in numbers 
than those that ex 
iston land. They 
range from the lar: 
gest of living 
Creatures, the blue 
whale, to micro: 
scopic plankton. 


stable for millions 
of years. Insects 
area significant 
food source for 
Many woodland birds 


The plant pastures 
of the huge ocean 
biome [C} are the 
algae, the majority 
of which are minute 


CONNECTIONS: 


See alse 


3 All the world’s 
grasslands are class, 
ified by ecologists 
as the grassland 
biome. Although 
each one contains 
different selections 
of species they all 
share certa 


asa large variety 
of herbivorous 
animals. The savanna 
iWlustrated here 

also supports many 
predatary animals 
and carrion-feeding 
scavengers, The 
trees and bushes 
provide food and 
shelter for animals. 


diatoms. Every sea 
creature depends 
oly onthe 
algae for its es: 
sential food supply, 
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worthwhile method of obtaining energy 
Ecosystems do not arise suddenly but 
rather mature over many years [9], gradually 
becoming more complex. Generally 
speaking, the older the ecosystem the more 
species it is likely 10 contain, At its height, 
and in its final and most long-lived form, the 
ecosystem is known as a climax community 


The formation of an ecosystem 

New environments (such as a newly-formed 
pond, a field recently devastated by fire or a 
glacier bed from which the ice has retreated) 
develop by succession. At first they attract 
only the hardy species of plants that can sur- 
vive without shelter and a few animals cap- 
able of living among them. These pione 
opportunist or fugitive species ~ are usually 
capable of rapid reproduction and the plants 
among them include lichens and mosses and 
many weed species. These early settlersin the 
chain of succession modify the environment 
by adding humus and nutrients to the soil, 
provide shelter from the sun and wind and 
make it more hospitable to other creatures 
As more organisms move in. more habitats 


$= 


8 The basic unit of trom others of their 
kind. Others, like 

the grass plants on 
which the hare feeds, 
roproduce vegeta 
tively and form part 
ot a’clone” of 


tor 
animal [A]. Many in. 
dividuals, ike this 
Arctic hare, are gen: 
otically distinct 


Montane life (D] the herbivores ar 


fendstoforma sim. the predominant form 
ple food web. inthe of animal life and 
Himalayas, whose are preyed on by 
web is depicted here, only a few carnivores 
° Grosses 
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(known as ecological niches) become avait 
‘able. In a maturing ecosystem the early col- 
onizers may die as stable species exert their 
superiority 

The surface of the globe can be divided 
ecologically into ten broad regions deter- 
mined by their natural vegetation [Key] 
These regions, along with such areas as the 
sea [6] and the polar ice caps, are often 
referred to as biomes. Some of the world’s 
Most complex ecosystems are to be found in 
the tropical rain forest [2] where productivity 
is high and conditions have been stable for 
many millions of years. Some of the most 
simple ecosystems occur in polar regions 
where there is less energy available and 
Where few organisms have had time to adapt 
to the new environment exposed after the 
retreat of the ice sheets. 

Just as ecosystems are built up so they 
may be destroyed, either naturally or, more 
probably. through the interference of man, 
‘The ecosystem is disturbed because one or 
more species is either wiped out or drastically 
reduced in numbers, thus changing the whole 
energy balance of the community, 


aa individuals, all of 
which are identical 


The population [8] 


iyi towhich any indi 
' vidual belongs is, 
2 isolated, either 

¥ wholly or partly, 
‘i from other popula 
i) tions of the samo 


cas 


species, The Arctic 
hare of northern 
Hvland may thus 
Oifer genetically 
from that of Siberia 
The ecosystem IC] is 
an assembly of ani 
mals and plants int 
ing with each other 
and the environment 
Ecosystems can be 
simple or complex 
Asimple system 
Could consist of uni 


eaters, 
Acomplex ecosystem, 
such as that of the 
topical rain forest 
May consist of thou: 
‘Sands of interacting 
plants and animals. 


The tropical rain 
forest |EI is the 
home of many highly 
specialized plants 
and animals, all of 


which take their 
place in the complex 
food web Epiphytes, 
for example. are 
plants adapted to 
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9 Ecosystems do not 
arise overnight but 
evolve gradually A 
shallow glacial tarn 
IAL is transformed 
toa forest (D] ina 
timespan of 


are algae whose 
spores are carried 
there by the wind 
Larvae of flying 

ts teed on the 
and their deb 

is accumulates on 
the bottom, Bacteria 
and unicelis recycle 
the nutrient salts 

and small animals, 
and plants enter the 
system Surrounding 
sediments now fill 
the tarn (BI, marsh 
plants spread in 
wards and land plants 
[Cl replace them as 
the ground consol 


ins 


stable ecosystem is 
the climax community 


live on other plants 
On the forest floor 
fallon leaves and 
dead wood are very 
rapidly decomposed 


Twe 
Epphytic plants, 


Ecologists divide 
the earth into 
regions known ax 
biomes, each charac 
terized by a pattern 
of natural vegeta 
tion of, asin the 
sea and in lakes and 
rivers, by the nature 
of its water. The 
land biomes vary 
from the tropical 
forest, teeming with 
plant and animal 
Tropical wn forest Hife. tothe cold, 
Thorn forest treeless tundra car 
Grassland and savanns peted with lichens, 
And scnub and desert grasses and low 
Alpine tundia and ie growing shrubs 
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stable conditions 
persisting for many 
millennia have allow. 
ed many species to 
become established 


The rich variety of 
Savanna lite [F} 
reflects amature 
ecosystem, As in 

the woodland biomes, 


Isolation and evolution 


According to the theory of evolution, all 
living plants and animals have derived from 
‘one or (wo simple ancestral stocks. As a 
convenient “labelling” system, scientists 
have contrived to classify more than one 
million animals and half a million plants into 
separate species. This classification is first 
made on the basis of physical appearance 
and, in organisms that appear to be similar, is 
confirmed by the fact that they do not inter- 
breed freely in the wild. So, although it is pos- 
sible in captivity to breed a cross between a 
male lion and a female tiger ~ a so-called 
liger” ~ the lion and the tiger are neverthe 
less still classified as separate species. 


The development of species 

How then did different species develop from 
a single uniform population? If we imagine 
such a population inhabiting a fairly large 
area and having a large gene pool, then the 
forces of natural selection will, in time, pro- 
duce groups of individuals that are adapted to 
live in certain habitats. If new habitats 
become available groups of animals or plants 
will colonize them and adapt to exploit them 


Oriental fauna 


ae 
Sore 
eee 

oan 


LL 


1 Natural barriers 
such as deep ocean 
channels separate the 
animals of the world 
into distinctive groups. 
These barriers have 
Served as isolating 
mechanisms, keeping 
apart not only species 
but also whole families 
of animals. One 
striking example is 
the juxtaposition of 
the flora and fauna 

of South-East Asia 
and Australasia, 

The 19th-century bio 
logist Alfred Russel 
Wallace (1823-1913) 
drew a dividing line 
where the fauna and 
flora of South-East 
Asia was distinct 
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from that of Austra. 
lasia. This was later 
modified by the natu- 
ralist Thomas Henry 
Huxley (1825-95) 
Even later, the Ger 
man biologist Max 
Weber drew a new 
line marking the 
point of balance be. 
tween the two groups. 
Later he modified this 
to mark the sea cha 
nel that forms a bar. 
rier to the spread of 
land mammals. Be- 
tween Weber's and 
Wallace's jines is an 
area of faunal mixing 
where animals and 
plants have managed 
to cross the channels 
separating the islands. 
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fully. The original population will have 
undergone adaptive radiation [2] 

The new groups may become distinct 
enough to be regarded as separate sub- 
species or races. Occasionally they may 
diverge farther from the parental stock in 
such @ way as to prevent or decrease the 
ability to exchange genetic material. They 
then can be described as different Species, By 
developing groups of specialist organisms, 
nature does not put all its “genes in one 
basket” and the presence of many specialist 
organisms ensures survival. 


Geographical isolation 

The most obvious barriers to reproduction — 
and often the first step in the process of 
specialization — is that of geographical isola- 
tion. This depends primarily on the habits 
and dispersal power of the species concerned. 
Birds have a large dispersal power but other 
creatures are limited in their range. Land 
snails on the Pacific islands, for example 
[Key], inhabit wooded valleys that are sepa- 
rated from each other by rocky ridges. In the 
valleys the frequency of different species of 
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2 Adaptive radiation 
can be seen in the 
cattle of South-East 


Asia which, although 
related, occupy differ 
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snail varies and in some valleys particular 
species are wholly absent 

It seems that the original founders of the 
populations wandered quite by accident into 
One or more of the valleys and that the ridges 
between the valleys have kept them separate 
Large physical barriers [1] such as oceans and 
mountains not only separate populations of 
the same species but also keep whole families 
and orders apart, as is shown by the marsu- 
pials of both Australia and South America 

Reproductive isolation also occurs when 
two or more species inhabit the same geog- 
taphical area, The barriers to gene exchange 
can take two forms, acting either by deterring 
fertilization or by lowering the survival 
potential or fertility of any hybrids, 

Isolation by habitat [3] is most common in 
plants but also evident in some animals 
Individual plant species are often adapted to 
4 specific soil condition and their hybrids are 
unable to survive in either of the two habitats. 


Reproductive isolation 
In animals one of the most important 
isolating mechanisms is mating preference, 
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‘Sumatra, Java and 
Borneo were once 
to. continental 


ragions active volce- 
oes threw up new 
islands and those have 
been invaded by flora 
and fauna trom both 
mainlands. 


fauna 


ent environments, 
The gaur is found in 
the hilly forests, while 
the wild buffalo, ances- 
tor of the domestic 


variety, roams the up: 
land swampy areas. 
The banteng lives in 
Java, where itis 
sometimes domesti- 
cated. Yaks, alsa do. 


‘Yok Bos grunniens 


ticated, are 
adapted to withstand 
the cold of Tibet and 
central Asia, The 
small wild anoa lives 
in wet, hilly regions 
of the Celebes, 


Anoa 
Anca depressicornis 


which is widespread in animals inhabiting the 
same geographical areas. One of the most 
striking differences between closely related 
species is the ability of individuals to recog- 
nize breeding partners of the same species. 
Elaborate courtship displays and differences 
in the colour of an animal's external covering 
ensure that only individuals of the same 
species mate. Other cues to breeding part- 
ners may include smell, the distinctive calls of 
most species of birds and even the croaking of 
frogs and the singing of crickets. Without 
these stimuli many animals will not mate 

It was long believed that in animals the 
differences in the genitalia of different 
species led to reproductive isolation where, 
for example, the male genitalia could not 
Physically fit into the female genitalia 
Recent observations have shown that this 
kind of mechanical isolation does not operate 
in animals although in plants similar mechan- 
ical isolation ranks in importance with 
ethological (behavioural) isolation in ani- 
mals. Differences in flower structure prevent 
pollination and fertilization between unre- 
lated species. Plants exploit the activities of 
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animals to spread their genes, and differences 
in flower structure, colour, and scent attract 
various kinds of pollinators to different 
species, This reduces the chances of cross- 
Pollination between two unrelated species, In 
California, for example, there are related 
species of a flower (Penstemon) that have 
different sized flowerheads, The different 
species are pollinated respectively by large 
bees, smaller bees and solitary bees, 

Another possible isolating feature is 
found in the seasonal differences in 
reproductive activity, but this alone would be 
unlikely to keep species distinct 

If fertilization does occur between species 
itis quite likely that one of three mechanisms 
may have an effect. Often the first generation 
hybrid is rather weak because of abnormal 
genetic matching and rarely survives to reach 
reproductive maturity. The hybrids although 
healthy are often sterile, as is seen in the mule 
~ the offspring of a horse and a donkey. When 
the hybrids are healthy and reproductively 
active, the final mechanism comes into play 
by ensuring a gradual breakdown of genetic 
harmony so that the hybrid line dies out 


3 Zones that vary 
with altitude can lead to 
the formation of differ: 
ent habitats that are 
best exploited by dif 
ferent species of 

plants and animals. 

This can be cle: 
observed on Mount 
Kenya, which rises. 
5,199m (17,057ft) in 
equatorial Africa, 

High up on this moun: 
tain there isa special 
ized flora. and mam: 
mals include the 
groove-toothed rat, the 
hyrax and the duiker 


4 Vegetation zones in 
mountainous regions 
may not always be uni- 
form because the high 
land forces winds 
laden with moisture 
torise. As they doso, 


ly the water they carry 
is dropped and they 
blow down the other 
side of the range 


ing airflows. A zonal 


Lower down the moun: 
tain, in the sub-alpine 
zone, tree heaths domi 
nate the vegetation, 
Mammals are similar 
to those found higher 
up, but leopards and 
hunting dogs appear 
28 predators. 


montane forest sup: 
Ports @ wide variety 
of animals, including 
omnivores such as 
monkeys and pigs and 
browsing animals. 
intelopes and 
elephants. Below the 
forest is the savanna, 
supporting animals 
that cannot live in 
the higher zones, 


8B Go brancti 
ABE Gy. otencarius 
FM G9, swicapinus 


Vertical scalein metres 


Key 
1A fulgens 
(Niu) 


2A. cestus 
(Wailupe) 


5 A.turgida 
(Aiea) 


4 A. stewart) 
(Manoa) 


plan of Mount Kenya 
‘shows that, where the 
rainfall is less heavy, 
areas of scrub and dry 
Jand replace the mon: 
tane forest that 
covers the north of, 
the massif. This 
affects many ani- 
‘mals that depend on 
particular kinds of 
vegetation for their 
food and shelter. 


F Montane for 


G Savann 


MB G9. srynichs 
OM co. cericais 
MEG jepponicus 


3A.tuscobasis 
(Palolo) 


Many species of agate 
‘snail (Achatinelia) live 
on the Hawaiian 
island of Oahu, most 
of them in 


leys. Individuals re: 
main close to their 
point of hatching. The 
rocky ridges that sep- 
arate the valleys are 
an effective barrier to 
migration for these 
relatively immobile 
animals. Over thou 
sands of years the 
snails have been 
geographically iso- 
lated and, as a result, 
the species have re. 
mained quite distinet 


Seal 


5 More than 20 recog- 
nized races of jay are 
found in Eurasia, 
ranging from western 
Europe to the islands 
of Japan. The jay is 
primarily a bird of 
deciduous woodlands 
that feeds mainly on 
acorns wherever it 
can find them, But it 
is a versatile feeder 
and can live ona 
variety of seeds, fruits, 
buds, insects and even 
99s and small birds, 
In some areas it has, 
forsaken its usual 
habitat and has taken 
to coniferous forests, 
where it feeds on the 
seeds of certain 
pines. Many species 
of birds are widely 
distributed and shaw 
marked local variation 
in the colour of their 
plumage in different 
Parts of their range, 
Where bird popula. 
tions overlap, there 

is a gradual transi 

tlon of features from 
‘one race to another, 
as the different popu- 
lations freely inter 
breed. These popula 
tions are regarded 
only as sub-species 
or races. The birds at 
the extremes of their 
ranges are unlikely 

to interbreed and they 
may intime become 
Separate species. 
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Northern grasslands 


Grasses were among the last families of 
flowering plants to evolve. They have more 
than made up for lost time, however, and are 
now the dominant plants over much of the 
world. In the Northern Hemisphere grass- 
lands occur in the prairies of North America, 
the steppes of Europe and central Asia and in 
areas extending along the valleys of some of 
the great rivers of eastern Asia [Key]. In 
general they are found where rainfall is too 
low to support tree growth, yet above the 
level at which semi-desert conditions prevail 
Paradoxically, grazing animals and fire help 
to promote the growth of grasses. 


Grasses and grass-eaters 

Winds sweep unimpeded across the steppes 
and the prairies and the grasses make use of 
them for pollinating their flowers. Unlike 
those of many other plants, grass flowers [1] 
are not large, gaudy, sweet-scented or pro- 
vided with nectar. Instead they possess the 
bare minimum of stamens with abundant 
lightweight, non-sticky pollen grains and 
stigmas to be pollinated by them. During 
their development the reproductive parts are 


of tightly rolled or 
folded leaves and 
leaf sheaths. Stems 
are 80 short thi 
they are invisible 

until the flower shoot 
is formed. Grass 
flowers may be tightly 
packed in a spike, or 
more loosely or- 
ganized in a panicle 
IA}, Potten is spilt 
from the stamens 
[every time 

the slightest breeze 
shakes the flowers. 


4 Mole rat 
Spalax microphthalmus 


Marbled polecat 
Vormeta peregusny Scheltopusih 


Oprrsaurus apodue 


surrounded by protective scales, which later 
enfold the seed. The stamens and stigmas are 
ripe for only a comparatively short time, but 


the amount of pollen produced is so large that 
when the plant is shaken by the wind pollina 
tion is almost inevitable 

One reason why the grasses are successful 


lies in their compact with the grazing animals 
The growing point in grasses lies close to the 
ground and when the foliage is cropped at a 
higher level it does little harm because the cut 
leaves simply continue to grow upwards with 
little or no interruption in the growth pattern 
As a result the grazing animals can feed 
without damaging their food supply 

Large grazing animals are abundant in 
grasslands within the temperate areas, But 
individuals are relatively few where they 
were once present in huge numbers. Experts 
estimate that in 1700, before the coming of 
the white man to the prairies, more than 60 
million bison [2] wandered over the plains, in 
addition to large numbers of pronghorn, In 
Asia, herds of wild horses, asses, saiga 
antelopes [3] and camels abounded. In both 
continents these Jarge animals had been 


1 Nearly all grasses 2 
small plants, 

with # few notable 
exceptions that grow 
inthe tropics, The 
typical grass plant 
consists of a number 
of shoots, or til 
made up of 


3 The saiga antelope 
lives onthe more 
arid western Asiatic 
steppes. Apart from 
the value of its 

flesh, hide and fat, 
the horns were prized 
as trophies and by 
the early 1900s few 
Saiga remained. Com 


aves are al 
ways narrow with 
parallel veins [B]. 

In some grasses of 
arid areas the loaf 
rolls (2) as water is 
lost, forming a 
humid tube [3) to 
conserve moisture, 


Black-botlind hamster 
Cricetus cricetus 


tenes lemming 
Coguius lagurus 


almost eliminated by the end of the last cen- 
lury ~ in 1899 fewer than 550 plains bison 
survived, Careful conservation has gone 
some way to restoring the position, particu- 
larly with regard to the saiga and the prong 

horn over part of their respective ranges. All 
these large mammals are herd animals that 
migrate with their food supply, so the grass is 
never overgrazed or badly trampled. They 
were once accompanied by predators, princi- 
pally wolves, but as the great wild herds were 
destroyed the predators were also doomed 


A variety of animals 

Small mammals were also once abundant on 
the plains but, unlike the large creatures, they 
were sedentary [4]. Some, such as the prairie 
dogs and susliks, lived in great colonies that 
at one time often included several million 
individuals in a single “township™. These ani- 
mals feed mainly on the grasses, eating the 
roots as well as the leaves, but often also 
renewing the plant growth because of their 
habit of gatheringand storing seeds. The bur- 
rows of these animals are not very deep, but 
in digging them they turn the soil over, some 


plete protection was 
enforced in 1919, By 
1930 there were 
about 1,000 survi 
Vors, but today there 
are so many animals 
that more than 
250,000 are killed 
annually for their 
meat and hides. 


European suslik 
Ciellos evel 


Bobak mar 
Mace 
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See also 


2 American bison 
were destroyed 
partly in order to 
free the land for 
farming but mainly 
to deprive the In. 
dians of their wild 
herds. Strict con: 
servation has 
‘ensured the survival 
of large herds 

in protected areas. 


Sige 
Saige tatarica 


4 The small animals 
of the steppes are 
mostly burrowers. 
Some, such as the 
mole rat, feed 
mainly on plant roots 
and tubers; others 
eat the leaves and 
seeds as wall while 
many species aiso eat 
insects. A number of 
animals hibernate 
through the harsh. 
winters and some re: 
main underground 
from August to April 
Hawks and owls prey 
on rodents, and so do 
small mammais such 
as the marbled pole- 
cat, which often 

fives in the burrows 
of its victims, Man, 
inan effort to pro- 
tect his crops, is 

the most implacable 
foe. Some animais 
Survive his persecu: 
tion, but the bobak 
marmot is not one of 
these and has now 
disappeared from 
areas where it 

was once numerous. 


times bringing up material of a different 
mineral type from below. As a result, the site 
of such a colony often displays a different 
type of soil from that of the surrounding area. 

Birds of the grasslands include plant- and 
seed-eaters that parallel the mammals in 
their activities. Some, such as the bustards, 
are large and reluctant to fly, a propensity 
that has regrettably increased their rate of 
destruction. There are also many smaller 
species of birds, which feed both on seeds and 
insects. They in turn may fall prey to several 
species of falcons [8], hawks and eagles, 
which patrol the plains, 

Other predators include large numbers of 
reptiles (9, 10], which may feed on eggs or 
young birds, as well as small mammals whose 
underground homes they can enter. The 
insects of the grasslands [11] are an impor- 
tant part of the fauna and repeat in miniature 
the pattern of primary herbivores and include 
hunters and scavengers, which are not well 
represented among the bigger creatures 
Insects and other invertebrates may lack 
universal appeal, but their importance in the 
economy of the grasslands can scarcely be 
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Crest 


lak 


Stone curlew 
Burhinus 
edicnemus 


5 The stone curlew 
was once common on 
grasslands from 
Britain to eastern 
Europe. As a result 

of its ground-nesting 
habit and reluctance 
to fly ithas dis- 
appeared from many 
of its former haunts, 


6 The crested tark, 
fearless of man, is 
common in dry Old 
World grasslands. 


7 The burrowing owl, 
from the grasslands 
of the USA, lives in, 
the disused burrows 
of prairie rodents. 


Rattlesnake Crotalus spp 


Spear 


9 Rattlesnakes are 
common over much 
of the grassland and 


against large preda- 
tors, but they are 
not normally aggre 
sive and try to avoid 
a confrontation by 
warning of their 
presence. Their un- 
‘mistakable and men- 
acing rattle is pro- 
duced by " 
of hard skin on 
the end of the tail, 


rt regions of 
North America. The 
amount of venom they 
produce far exceeds 
that needed to kill 

the rodents that 

form their usual 

prey. They use it to 
protect themselves 


Golerida cristata 


Burrowing ow! 
0 cunrcularia 


10 


overestimated because they stimulate soil 
fertility and help to hold erosion in check 

The most important of the grassland ani- 
mals is man, who probably underwent impor- 
tant stages in his evolution in tropical grass- 
lands and who has subsequently spread to 
other environments. He is, however, still 
mainly dependent on grasslands for his food — 
all cereals are cultivated grasses and most of 
man’s domestic animals are species that still 
need grass for their survival. 


The threat to the grasslands 
It is ironical that although man has greatly 
increased the area of the world’s grasslands, 
mainly by the destruction of forests which he 
has replaced with short-lived farm crops, he 
has in many areas of the world destroyed the 
grasslands too by overgrazing and returning 
too little to the soil. Sometimes, in his 
attempts to improve productivity with heavy- 
yield farm crops, he has ploughed up the 
grassland and harmed the delicate balance 
between plants and animals. This has led all 
too often to erosion and as a result deserts 
have encroached in many areas. 


Key 


The prairies of 
North America 
occupy much of the 
central part of that 
continent. They are 
of almost entirely sur- 
rounded by forests 
and only in the 
southwest do grass- 
lands id to desert 
regions in the sha- 
dow of the Rockies. 


Bone 


In the Old World belt that is bounded —ous as it is broken 
the natural grass- ‘onthe south by semi- —_by trees. But the 
lands or steppes desert and scrub, steppe reassorts it 
start in eastern andonthenorthby —_self onthe plains of 


Europe and stretch 
across the Eurasian 
land mass in a great 


forests. North of 
Mongolia the steppe 


Inner Mongolia and 
in the northeast 
of the Soviet Union. 


ag prairies. Itscans the 
ground from heights 
Up to 30m (100ft) 
forthe small mam- 
G7 mais and birds that 


make up its diet, 


Bull snake 
Puophis sp 


Prairie falcon 
Falco mexicanus 


Lubber grasshopper 
Brachystola = 


= Be | 


Harvester 
Pogonomyrmex sp 


Tiger beetle Tumble bug 


Cheindela sp Dichotomius carolinus 
10 The bull snake, 11 Grassland insects often scatter grass 
which grows up to include primary seeds, which they 
1.2m (4ft) long, is feeders onthe herb- gather but do not 
‘one of the many age, such asgrass- always use. Prada- 


‘snakes found in the 
prairie region, where 
it preys on the abun- 


hoppers, and more 
general feeders such 
as ants, Ants are 


tors such as ground 
beetles abound. The 
scavenging tumble 


dant rodents. Itis smaller, butthe huge bug fills @ niche by 
Ron-poisonous but —_—_colonies in which breaking down the 
sutfocates its prey they live may alter dung of other 

with its strong, the soll where they animals and return- 
constricting coils, burrow, They also ing it to the soil, 
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Savanna grassland covers much of Africa 
from the Sahara to the Cape. Only in the west 
does it give way to the dense tropical forest of 
the Zaire River basin and the West Afri 
coast and to the Namib Desert. The grassland 
is not # uniform area, but ranges from dry 
steppe and sub-desert in the north and south- 
west (on the fringes of the Sahara and 
Kalahan deserts) through thorn scrub to 
open savanna woodland in the equatorial 
region. The landscape is bisected by water- 
courses and granite hills, and much of the 
southern area is modified by farming 


Distinct types of savanna 
The transitions between the various types of 
savanna are distinct and each type has its own 
characteristic fauna and flora. The open 
woodlands ure characterized by fire-resistant 
trees such as Brachystegia and. Isoberlinia 
which are replaced in drier areas by acacias 
(thorm:serub) and baobabs. The vegetation 
of the open areas is a mixture of grasses and 
herbs with occasional acacias 

Ecologically. the savanna is a highly com- 
plex system of interdependent components 


o— 


Rage: 
Re 
0,4 


The food of the large herds of grazing animals 
~ the grasses and herbs - is resistant to 
drought, fire and grazing and quickly 
recovers from their effects, Many savanna 
grasses reproduce by underground runners 
and can spread rapidly. The trees and bushes 
are protected from excessive browsing by 
Jong thorns on the trunks and branches. 

The bewildering number of savanna ani- 
mals exploit their environment in a variety of 
different ways, Among the browsers there is 
a vertical zoning of feeding habits [Key] 
Giraffes and elephants feed on the trees — 
giraffes on the topmost shoots and elephants 
both on the upper shoots and the bark. Black 
thinoceros, eland, kudu and gerenuk browse 
on lower shrubs and trees, with the lowest 
branches often only centimetres above the 
ground, providing food for steenbok and dik- 
dik. The grazing animals utilize the grasses in 
different ways, Zebras feed on the coarse 
tops, the leafy centre is eaten by wildebeeste 
and topi and gazelles crop the shoots at 
ground level, Underground roots and bulbs 
are eaten by warthogs. 

Feeding on the herds of grazing animals 


10 Watorbuck 
Kobus defasss 
11 Cane huttalo 


Giratla cametopardalis 


Agone agama 


3 Topi 17. Banded mongoote 
Damalisealus doorigum Mungus mungo 
ia 11) Put adder 

Aepyenros melempus Bilis ariotans 


are a number of large predators. One of the 
best known is the lion [5], which lives in 
family groups and catches its prey in a short 
rush from cover. Two other cats are also to be 
found on the savanna: the leopard, which 
often kills from cover at waterholes, and the 
cheetah, which is capable of out-running 
gazelles over a short distance, Small packs of 
hunting dogs [6] roam the savanna, working 
ay teams and pursuing their prey until it is 
exhausted and falls victim to their snapping 
jaws. The hyaenas are both predators and 
scavengers, No young animal is safe from 
them and no bone is too large for their pow- 
erful jaws to crack 


Rodents and hares 

As well as the large and spectacular animals, 
many small animals, not often seen, live in 
the savanna. Like the larger animals they 
occupy a particular niche. The numerous 
rodents and hares feed on seeds and herbs 
and in turn provide food for foxes, snakes, 
small cats and birds of prey. Many kinds of 
Mongooses, civets and weasels prey on the 
large numbers of small savanna animals, Two 


1 The African sav- 
anna, with its flat 
topped acacias, 


suppor 
of herbivorous mar 
mais, Their prada: 
tors, being mainly 
nocturnal, are less 
often seen, But birds, 


from the busy weaver 
tothe scavenging 2 The masked weaver 
marabou storkand builds a nest of 
vegetarian guinea 


fowl, are as consp)- 
cuousasthe game. 


tion is aring 
of knotted strands. 
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and then the roof 
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animals of especial interest are the meerkat from Europe and Asia to the savanna regions Vertical feeding 
and the ratel. The meerkat is a sociable bur- to escape the severe northern winter. This Patternsof savanna 


rowing animal living in large warrens and 
feeding on insects, spiders and millipedes 
Also living in burrows, the ratel or honey 
badger is best known for its association with 
the honey guide ~ a small brown bird. When 
this bird finds a bees’ nest it attracts the ratel 
with a particular call and leads it to the nest 
The ratel digs out the nest with its powerful 
claws and both animals share in the feast 


Variety of bird life 

Great numbers of birds inhabit the savanna, 
many more than live in the tropical rain 
forest, Ostriches, the world’s largest birds, 
often accompany the grazing herds: so do 
storks and egrets, which feed on disturbed 
insects. The majestic kori bustard and the 
snake-eating secretary bird can also be seen 
striding through the grass. The nests of 
weaver birds [2], like huge fruit, adorn many 
acacias and overhead the circling vultures 


enormous variety of birds feeds on seeds, 
berries and insects and is in turn preyed upon 
by hawks, owls and falcons. 

Because of the seasonal rains, migration 
is a major feature of life on the savanna 
Because the grass stops growing during the 
dry season the wildebeeste and other ani- 
mals, such as the zebra, move to areas where 
rain has fallen and the grass is growing 
During the migrations many thousands of 
animals, particularly wildebeeste, die 
through drowning and starvation. Scavengers 
and predators, notably vultures and hyaenas, 
take full advantage of this superabundance of 
easily obtained food. However, such is the 
richness of their environment that the num- 
bers of wildebeeste soon recover from this 
apparent catastroph 

The delicate balance of the savanna eco- 
system is easily upset, especially by man 
Fortunately, enlightened governments aware 


herbivores reduces 
competition between 
species, The giraffe 
[4] takes leaves 6m 
(18ft) up, leaving 

the lowest ones for 
the tiny dik-dik (11) 


and soaring cagles scan the ground for of the unique nature of the wildlife her 1 Springbok 5 Warthog 
2 Eland ack rhinoceros 

carrion and small animals. have set aside large areas of the savanna al 
In summer vast numbers of birds migrate inviolable sanctuaries. 8 Vervet monkey 
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7 Queon's chamber 
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of the complex sys- 
tem of chambers and 
tunnels within, Thick, 


developed trom a 
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mated male and 
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6 Atican hunting dog 
Lycaan pictus 
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6 African hunting 
dogs aro gregarious 
animals that live in 
packs of from 6 to 
20individuals, They 
huntinanorganized 
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South American grasslands 


From the Brazilian highlands and dense for- 
ests of Amazonia southwards to the barren 
lands of Patagonia, and from the eastern 
slopes of the Andes to the Aulantic Ocean, 
stretches a vast ocean of grassland. This is a 
region where droughts are frequent and 
where torrential downpours penetrate only 
the top layers of soil. As a result trees are 
unable to compete with shallow-rooted grass 
plants which take the available water. 


Grassland and climate 

The type of grassland, and therefore the kind 
of animals it supports, depends largely on 
rainfall and temperature. Hot, dusty sum: 
mers windy winters and alternate 
periods of drought and heavy rainfall have 
produced the huge expanse of temperate 
grassland called the Argentine pampas [1] 
On this plain, formed by layers of soil weath- 
cred from the Andes and carried eastwards 
by rivers towards the sea, the controlling 
influence of soil moisture on vegetation is 
clearly apparent. On the wetter eastern side 
the grass grows in tall tufts and 
The fertility of 


cold, 


coarse 


eventually merges into forest 


1Giant armadivo 
Priodontes gigantous 


3 The 21 species of 


this part of the pampas has been made use of 
by man for wide-scale ranching and agricul 
ture and, as a result, the landscape has been 
considerably modified, On the drier western 
and southern margins bare soil patches are 
found between clumps of prairie grass, and 
drought-resistant bushes and small scrub 
trees replace the grassland. Farther to the 
ast the scrub gradually gives way to desert 


Animals large and small 

Most of the large mammals that inhabited 
these grasslands when South America wasan 
isolated continent disappeared about a 
million years ago when the isthmus of 
Panama was formed and carnivores travelled 
southwards from North America. The carni- 
vores were unable to cope with conditions 
successfully, could not colonize and eventu- 
ally died out. As a result the only animals 
found in the South American grasslands 
today are those that have managed to adapt 
to the climate and food supplies of the area, 
The only mammal of any size on the pampas 
is the pampas deer (Blastoceros campestris) 
[2] and the largest animal inhabitant is a bird, 


wdilo 
Euphractus sexeinctu: 


mammals, Uniquely 


the rhea (Rhea americana) [10]. This flight- 
less bird, the South American counterpart of 
the ostrich, is well suited to an open habitat 
Its long legs gi un elevated view of its 
surroundings and enable it to run at more 
than SOkn/h (30mph). In spite of the absence 
of large mammals at ground level the grass. 
lands teem with life. There may be as many as 
1,000 surface insects per square metre (11 
square feet), particularly grasshoppers and 
butterflies. They and the numerous lizards, 
snakes and spiders provide food for the pre- 
datory birds and mammals. 

It is the small mammals, however, that 
have made best use of the ground cover and 
are most characteristic of the grasslands, 
Many of them solve the problems of climatic 
extremes and a lack of suitable hiding places 
by living underground for at least part of their 
lives and, asa result, burrowing rodents such 
as the viscacha (Lagostomus maximus) [4] 
and the noisy tucu-tucu (Ctenomys talarum) 

re among the most successful grassland 
inhabitants. For much of the day they remain 
hidden in their underground tunnels, coming 
out to feed only inthe safety of darkness. The 


‘1 Theflat Argentine 
pampas covers more 
than 500,000 sq km 
(350,000 sq miles), 
Inthe east moist 
Atlantic winds pro. 
mote the growth of 
rich, tall grass: 

but near the Andos a 
hot, dry climate 
produces an arid 
steppe land with bare 
soil patches between 
tufts of prairie 

grass and drought 
resistant bushes 
Many pampas ani 
mals in these harsh 
regions live under- 
ground for at least 
art of their lives. 


2 The pampas deor is 
one of the few her 
bivorous mammals of 
any size to be found 
‘onthe South Amor: 
can grasslands. Its 
numbers have now 
boan seriously re. 
duced as a result of 
over-hunting and the 
destruction of its 
habitat by ranching 
and cultivation. 
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Pampa 
Blas 


dillos are regarded 
as pests in some 


armadillo are among 
the most abundant 
and widespread of 
South American 


protected by piates of 
bone joined with 

skin, a few of them, 
such as the three: 
banded armadillo, can 


roll themselves into 
defensive balls when 
threatened. But most 
escape predators by 
rapid burrowing, 


Armadillos vary in 
size from the giant 
armadillo, 1.5m (Sft) 
in length and weigh 
ing up to 50kg (1101b), 


tothe fairy armadillo 
which is only 13cm 
(5in) long and spends 
most of its life 
underground, Arma: 


areas but they do 
help man by ridding 
his crops of varmful 
insects and other 
‘small animals. 


Five:toed armadill 


Three: banded armadil 
Tolypeutes matacu’ 


madi 


wild guinea pig (Cavia aperea) [4], which 
lives above ground, seeks protection by 
forming large colonies of up to several hun- 
dred and only emerges from tufts of grass to 
feed at dawn and dusk 

Rodents form a large part of the diet of 
grassland predators such as the pampas fox 
(Dusicyon —gymnocercus) and Azara’s 
opossum (Didelphis azarae). But extremes 
of climate and erratic rainfall make food sup- 
plies unreliable, so many predators are 
omnivorous and will eat almost anything they 
can find. Numerous other predators, such as 
armadillos [3], skunks and anteaters, forage 
in the grass for the abundant insect life. Birds 
such as the smooth-billed anis (Grotophaga 
ani) and the aptly named cattle tyrant (Mac- 
hetornis rixosus) [7] find their food by fol- 
lowing grazing animals. They then catch the 
thousands of insects disturbed from the 
ground vegetation 

Many of the avian inhabitants of the 
Pampas are migrant visitors. In autumn the 
golden plover (Pluvialis dominica) leaves the 
harsh conditions in the tundra and flies nearly 
16,000km (7,500 miles) to winter in the 


‘agostomus monin 


6 The giant anteater 
rips open termite 
mounds and scoops 
the termites with its. 
long, sticky tongue. 
Its shaggy coat pro- = 
tects it from bites. 


8 Crested varncara ~ 


Polyborus pla fr 


grasslands before returning to its nesting 
grounds in spring, Many northern shore 
birds, such as redshanks and sandpipers, also 
migrate there in winter to feed on the fish and 
insects in marshy areas of the pampas. 


‘The Chaco and its wildlife 

Large expanses of water are also typical of an 
area to the north of the pampas called the 
Chaco — a transitional zone between the 
grassland and the tropical forests of the 
Amazon that lacks a specialized fauna but 
attracts animals from neighbouring zones. 
Sluggish rivers spread out over a large plain 
to form swamps. These become shallow lakes 
during the heavy summer rains and form a 
paradise for water-birds such as limpkins, 
ducks and noisy screamers [9]. The swamps, 
often inhabited by the giant anteater (Myr. 
mecophaga tridactyla) (6), are interspersed 
with patches of grassland and deciduous 
forest. The forest is the home of the giant 
armadillo (Priodontes giganteus) {3} and the 
elusive maned wolf (Chrysocyon brachyurus) 
[5] which, although well adapted to plains 
life, seeks the shelter of trees, 


Burrowing ow! 
Speotyte eun 


dwelling falcon that 
is both hunti 
scavenger, 
the grassy plains 
for food both liv. 
ing and dead with 
# characteristic 
head-bobbing walk. 


9 The southern 
Screamer haunts 
marshy areas of the 
Pampas with harsh 
cries. Its slightly 
webbed fect enable 
ito walk on 
floating vegetation, 


Southern scream 


4 The viscacha digs 
8 system of tunnels 
that it shares with 
the burrowing ow! 
and the mara or 
Patagonian hare, By 
stripping the sur 
rounding area of 
vegetation the vis: 
cacha can detect 
approaching preda. 
tors, The pampas 
cavy nests at the 
base of grass tufts, 


5 The shy, nocturnal 
maned woll, ike 
other plains preda 
tors, will eat almost 
anything from small 
animals to fruit 


The grasslands of 
‘South America cover 
mutch of the continent 
east of the Andes, 
The vast, treeless 
Argentine pampas 
merges into forest in 
the wetter north: 

east and into scrub 
and desert to the 
west and south. In 
the north it is 
bounded by the 
Chaco ~ an area of 
deciduous woodland 
and scrub. The 
Venezuelan /lanos and 
Brazilian campos are 
areas of tall-grassed 
savanna inter 
Spersed with forest 


5 Maned wolt C/vysocyon brachyuru 


7 The cattle tyrant 
is a flycatcher that 
perches on the backs 
of hoofed mammals 
waiting for insects 
disturbed by the 
grazing animals, It 
has an erectile 
crest of feathers, 


‘Machatornis rixosu 


10 The flightless 
thea or South 
American ostich.a 
bird that lives In 
. open country, roams 
‘ the pempas's 
flocks of up to 30, 
\ feeding on vegeta 
| tion and insects. 
. It stands up to 
1.5m (46 tall and 
can detect epprooch 
ing danger evenin 
high grass. When 
threstoned it 
ty x can run faster 
than a horse. 
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Australian desert grasslands 


Two-thirds of Australia’s eight million 
square kilometres (three million square 
miles) is semi-arid land supporting only 
tough grasses [5] and scattered acacia and 
gum trees. Less than 50cm (20in) of rain falls 
during the year, daytime temperatures 
average 32°C (89°F) and a dry wind blows. 
Inhospitable to man, these grasslands are the 
home of many of the symbolic animals of 
Australia [1, 3] such as the kangaroo, emu, 
koala and kookabura, as well as flocks of 
parrots, cockatoos and budgerigars — all ani- 
mals that cope with the dry conditions. 


Making the most of water 

The “outback” of the interior has largely 
been created by drying winds from the south- 
cast and west. These are forced to release 
their moisture prematurely by the Great 
Dividing Range in the east and cold currents 
off the west coast, The “desert” lies at the 
limit of penetration of rain from the north 
and south and consequently may one year 
receive rain in winter, another in summer and 
another not at all. The animals and plants are 
opportunists ~ they make the most of the 


1 Koalasandkanga- resistant eucalypt 


Foos, which symbolize and acacia trees the 
Australia, are only marsupials ~“pouch- 
two of a wide vari- ed” animals — and 
ety of unique animals even stranger mono- 


(see illustration 3) that 
have evolved since 


tremes, like the 
echidna, were able to 
adapt unhindered by 
‘competition from 
placental mammats, 
The number and 
diversity of birds are. 
equally impressive, 
‘The emu isthe 


covered with ly 
grasses and fire- 
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water when it comes. The dull porcupine 
grass ( Triodia sp) [4] bursts into a yellow sea 
of blossom on the red desert sand. The mulla 
mulla (Trichinium manglesii) springs up and 
produces fluffy pink flowers. Aromatic gum 
trees such as the river gum (Eucalyptus 
camaldulensis), which line the banks of dry 
rivers and watercourses, bear unique flowers 
whose stamens provide vivid colours. 

Many plants are adapted to prevent 
excessive loss of precious water. Acacia 
leaves are reduced to flattened leaf stalks and 
those of the desert oak (Casuarina decais- 
neana) have developed into needles which 
hang in fringes. Porcupine and cane grasses 
have thick, waxy cuticles and saltbush leaves 
(Atriplex spp) are coated in salts. 


Australia’s unique marsupials 

The grasses and trees provide food, shelter 
and nesting materials for the animal inhabit- 
ants. These animals entered Australia when 
it was still part of the land mass known as 
Gondwanaland (which included present-day 
Africa, South America, South-East Asia and 
Antarctica before continental drift) and were 


world’s second larg- 2 Clam shrimp 
est bird and the parrot Caenestheria lutrarin 
family has its 


stronghold here. The 
lizards, many of them 
nocturnal, have made 
the most successful 
adjustment to desert 
1ife, Amphibians, 
notably frogs, make 
use of temporary 
desert pools and 
there are numerous 
‘species of insects. 


able to evolve unhindered by competition 
from placental animals when it became an 
island at the end of the Mesozoic era. The re- 
sult is @ unique set of animals with a trend to- 
wards non-aggressiveness, herbivorous diet 
and tolerance for arid conditions. 

The name “koala” means “the unimal 
that does not drink”. These timid marsupials, 
or pouched mammals, live on an extremely 
restricted diet of eucalypt leaves, which pro- 
vide all the moisture they need. The fat-tailed 
sminthopsis (Sminthopsis crassicaudata) 
stores fat “for a rainy day” in its tail. Kan- 
garoos, which feed on triodia grass and salt- 
bush, can survive long periods of drought, 
The wombat ( Vombatus sp), like several of 
its neighbours, digs a long underground 
burrow, often more than 3m (10ft) long, 
where it can escape the excessive heat and 
dryness of the day and the cold of the night. 
Many smaller marsupials, such as the insec- 
tivorous bandicoots and jerboa marsupial 
mice, come out only at night. The primitive 
egg-laying echidna or spiny anteater, one of 
Australia’s two monotreme genera, is heavily 
armed with spines and when threatened this 


Tadpole shrimp 
Tops austratensis 


Fay eheimp 
Branchinelta austeationsis 
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See aise 


Menotreres and 


2 Tiny crustaceans 
like these shrimps 
take advantage of 
temporary freshwater 
desert pools, which 
form during rain 
storms. When the 
Pools evaporate the 
crustaceans die, 
leaving behind cover- 
‘ed eggs which survive 
periods of drought 

to hatch when condi- 
tions are favourable. 


eee 


mammal can either roll into a ball or rapidly 
dig itself into the desert soil. It scoops up 
desert insects with its long, whip-like tongue 


Birds, reptiles and insects 

Birds of the desert grasslands are usually seen 
more often than mammals, Colourful flocks 
of galahs, the most common cockatoos, 
nectar-feeding lorikeets and green and 
yellow budgerigars congregate round water- 
holes, often dug by ranchers for their cattle 
These birds are constantly on the move in 
search of water and breed only after the rains. 
The uncertain water supply means that the 
kookabura, Australia’s largest kingfisher, 
no longer finds most of its food in pools but 
searches for insects and snakes on the ground 
and in the trees. The emu, Australia’s largest 
bird, changes from a diet of seeds to new- 
grown grass when the rains arrive. The mallee 
fowl (Leipoa oceliata) lays eggs in mounds of 
vegetation and sand. The vegetation fer- 
ments with the aid of dampening rain and the 
sun’s heat and incubates the eggs, By altering 
the amount of nest material the male mallee 
fowl is able to regulate the nest temperature 


to the correct one to facilitate incubation, 

Reptiles include dragon-lizards such us 
the frilled lizard, which erects a frill when 
threatened, and skinks, which scuttle over 
tree trunks and between clumps of porcupine 
grass in search of insects. Some of the snakes, 
such as the carpet python, are harmless to 
man, but most, like the death adder and king 
brown snake, are deadly, Male frogs call 
females to ponds only in wet conditions so 
that the tadpoles will develop quickly before 
the next dry season, As the water dries up 
the water-holding frog (Cyclorana 
platycephalus) digs deeply into the mud with 
its body full of water and lives in a cell of 
mucus until the next rains. In the period fol- 
lowing the rains the grassland is full of insects 
~ flying termites, bees, mantids, grasshoppers 
and beautiful butterflies 

The dingo is one of Australia's few pla 
cental mammals but itis not indigenous. Now 
considered by many to be the same species as 
the domestic dog (Canis familiaris), it prob- 
ably returned to the wild after being intro- 
duced by the Aborigines when they arrived in 
Australia about 30,000 years ago 


3 A selection of the 
birds and animats: 

of Australia (shown 
in illustration 1), 
many of them unique 
to that continent 

and its offshore 


here as follows: 


1 Koala 
Phascolnrctos cireus 
2 Sulphur-crested 
Coeatua galeria 
3Galan 

Kakatoe rosescapilly 

4 Cockatiel 

Nvmpnicus holland 

5 Budgonga 
Melopsittacus undulatus 
6 Kookaburra 


Dacelo goes 


& 
[Ee sen ener 


Two-thirds of Austra- 
fia is flat desert 
formed by dry winds 


7 Crmson-winged pare 
G'Lace monitor 
10'Tawny tiogmouth 
Podorpus siipondes 
11 Sugar glider 
12 Black bi 


13 Dingo Canis dingo 
14 Waltaroo 
Macropus robustus 

18 Groat 


16 Great grey kangar 
Mactopus giyanteus 
17 tmu 
Bromiceiue novaehollanddine 
18 Northern native eat 
Satanolius hallucates 

19 Brolga erni 

aus tuoveurila 


B Mount 
a 


blowing across the 
Interior. More than, 
2,000 species of 


22 Wedge: ta 
Aauile audax 


27 Hauy-nosed wombat 
Lasiorhinus lautrans 
28 Rutous 


31 Rainbow 
Tuichoglontus 1 
Hod tigued 


Bor decor 


plants and hundreds 
of animals have adap: 
ted to its aridity, 


Agile wollabyy 
tn 


Graphivm so 
Antec oncen 


4 The characteristic 
grass of the Austra- 
lian interior is the 
prickly porcupine 
grass ( Triodia), which 
grows in huge pin- 
cushions in the red, 
sand between salt 
bush and blue-bush 
scrub, With an exten 
sive deep root system 
and leaves with hard 


cuticles assisting 
moisture-retention, 
the grass is adapted 
to withstand long 
droughts and to ex 
ploit brief downpours. 


5 Savanna woodland 
forms a continuous 
strip along the north 
coast and continues 
south inland from 


the Great Dividing 
Range with isolated 
areas in the south: 
west. The vegetation 
depends on over 
50cm (20in) of raina 
year. The trees 
{mainly eucalypts) 
row fairly close to: 
gether and the under: 
growth isa mixture 
of grass and shrubs 
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Northern pine forests 


The northern pine forests stretch like a broad 
ribbon across the Northern Hemisphere, 
from the Pacific coast of Canada eastwards to 
the Kamchatka Peninsula [Key]. In North 
America and Europe these vast tracts of land 
are known as the boreal forest and in Asia as 
the taiga ~ a Russian word meaning a dark 
and mysterious woodland. The southern 
boundary is marked by the blending of the 
pine trees and the deciduous tree varieties, 
although much land has now been cleared for 
agricultural purposes, In the northern 
extreme the trees are hemmed in by the vast 
open wastes of the frozen tundra. This wide 
area of colonization contains very few tree 
species, but scattered at frequent intervals 
throughout the forest are glacier-scoured 
lakes and slow-flowing rivers that provide a 
varied habitat for many animals, 


Food from the pine trees 

The beaver (Castor fiber) (2), widespread 
throughout North America and now recover- 
ing its numbers in Europe and Asia after 
being almost hunted to extinction, creates its 
own particular niche in the habitat. Both the 


1 Siberian jay 8 Black woodpecker 
Perisoreus infaustus Oryocopus martive 
2 Pine marten 10 Wood: boring beetle 
‘Martes martes 11 Willow tit 

3 Great grey ow! rus montanus 
‘Strix nebulosa 12 Siberian ruby throat 

4 Lynx Luscinia ealliope 
Felis lynx 13 Elk Alces alces 

5 Pine grosbeak 13 Wolverine Gulo guio 
Pinicole enucieator 15 Boar Sus scrote 

6c ie 16 Willow grouse 
Tetreo urogallus Lagopus lagopus 

7 Eurasian flying squire! 17 Brown bear Ursus avctos 
Ptaromys volans 18 Reindeer 

8 Northern bat langiter tarandus 
Eptesicus nilssoni ‘19 Wolves Canis lupus 


male and female of the species, which pair for 
life, engage in felling trees with their sharp 
front incisors and damming a stream or river 
to form a pond with a high water level. In the 
middle of the pond they build a lodge (house) 
where they live and raise a family of up to 12 
individuals. A supply of young twigs is stored 
under water as a food supply for use during 
the long, harsh winter, 

‘The main supply of food for most of the 
resident animals is furnished by the con- 
iferous trees, which provide an ample but 
unvaried diet of seeds, buds, bark and young 
needles, The yield of these coniferous pro- 
ducts directly controls the numbers of ani- 
mals that the forest supports. Many have 
become specialist feeders, particularly the 
birds and smaller mammals. The pine gros- 
beak (Pinicola enucleator) feeds on the young 
buds, seeds and needles, while the crossbills 
(Loxia spp) specialize in taking the buds, 
seeds and needles of pine and spruce. The 
habit of the nutcracker (Nucifraga 
caryocatactes) and the Siberian jay 
(Perisoreus infaustus) is to open the cones 
with their strong bills. The capercaillie 


20 Eurasian ground squirrel Nyctea scandiaca 
30 Blue hare Lepus timidus 


Eutamies sioticus ae 
21 Pups of longhorn beetle laven Corvus corax 
22 Pygmy shrew 32 Greenshank 


Tringe nebularia 
33 Pika 
Ochotona hyperboree 


24 Ichneumon wasp, 34 Brambling 
380 Op ringlla montitringilla. 

25 Siberian tit 38 Stoat Mustela ermines 
Parus cinctus 36 Arctic fox 

26 Crossbill Loxia sp Alopex lagopus 

27 Pine weevil Hylobius sp 37 Masked shrew 

28 Nutcracker Sorex cinereus 
Nucitraga caryocatectes. 38 Root voles 

29 Snowy ow! Microtus o#conomos 


(Tetrao urogallus) and hazel grouse collect 
seeds that have dropped to the ground. The 
seed-eating mammals include the northern 
redbacked vole (Clethrionomys rutilus) and 
the wood lemming (Myopus schisticolor). 

Many animals store up food for the 
winter. The red squirrel (Sciurus oulgaris) 
collects and hides cedar seeds and nuts in the 
hollows of trees and, for a special delicacy in 
the long, cold, dark months, impales mush- 
rooms on spiked ends of branches. 


From winter into summer 

The brown bear (Ursus arctos) and the 
badger (Meles meles) let the cold months pass 
them by as they relax ina deep sleep, using up 
a reserve of fat which they accumulate in the 
autumn when food is more plentiful. The 
spring and summer bring relief to the belea- 
gured forest and, as the snows melt, young 
tender shoots provide sustenance for the 
herbivores; and multitudes of insects, a 
plague to man but a boon to insectivorous 
birds and mammals, swarm through the 
forest. The moose (Aces alces) [4] (known as 
the elk in Europe and Asia), which is the 
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abuts on to the 

stark tundra terrain. 
The winters are long 
and severe, but in 
the forest the snow 
is loosely packed 
and the soil surface 
remains unfrozen for 


for the insectivores. 
The evergreen coni- 
fers guarantee a 
continuous food sup- 
nly of seeds, twigs 
and buds throughout 
the year and most 

of the animals spend 
their time in only 

a restricted area of 
the forest, rather 
than migrating. 


This allows animals 
to burrow for the 
winter in comfort, 


Carpeting the forest 
floor is a layer of 
fallen pine needles 
which provides a 
habitat for carpenter 
ants, carabid beetles 
and spiders. Other 
spiders construct 
their webs under 
loose bark on tree 
trunks or decaying 
timber. Rotten wood 
isa home for insects 
such as ants, 


largest member of the deer family, can then 
stop stripping the bark of trees or grubbing 
for mosses and lichens in the snow and 
resume browsing on small shrubs and trees or 
aquatic plants. 

The moose may be the tallest animal in 
the forest but the heaviest in North America 
is @ woodland race of bison (Bison bison); 
and in Eurasia it is the European woodland 
wisent (Bison bonasus), Once widespread 
throughout both continents, these animals 
wave been hunted to near extinction and now 
survive only in protected herds of a few hun- 
dred individuals. Another animal rescued 
from extinction is the sable of Eurasia 
(Mares zibellina), which has for many years 
been hunted for its valuable fur. Active 
conservation management has succeeded in 
Testoring the sable population to the numbers 
living more than 200 years ago. 


Common predators 

The sable is carnivorous and drives its cousins 
the ermine (Mustela erminea) and the Sibe- 
rian weasel (Mustela sibirica) from its home 
Tange. But these two animals are numerousin 


2 Raised water level 


Wapiti 
Cervus canadensis 


4 The tallest animal 
fiving in the forests 
of North America 

is the moose. Iti 
identical with the 

elk that roams the 
European and Asian 
woodlands. The 
wapiti, which is con. 
fusingly known as the 
elk in North Americ 
is second only tothe 


moose in size, Itis 
the American equi- 
valent of the red deer, 
which is widespread 
in Eurasia, feeding 

‘on mountain pastures 
in summer and go: 

ing downto the 

forest valleys in 
winter, Caribou are 
found in large herds 
throughout the tundra 


other regions along with other members of 
the mustelid family, such as the common 
weasel (Mustela nivalis). Another predator 
which is widespread throughout all of the 
northern forests of the world is the lynx (Felis 
{Lynx} lynx), a member of the cat family. A 
highly efficient predator it specializes. in 
hunting hares and its numbers fluctuate 
according to the available food supply 

The brown bear is perhaps the largest 
Predator of the forest, but the most ferocious 
is the wolverine (Gulo gulo), which is amaz- 
ingly strong for its size and takes prey aslarge 
as a reindeer or caribou. The wolf (Canis 
lupus) lives on the edge of the forest but it 
makes forays into the forest, hunting in well- 
disciplined packs to bring down animals such 
as reindeer and moose 

Smaller mammals, birds and fish fall prey 
to the marauders of the sky, such as the 
golden eagle (Aquila chrysaétos), the 
Boshawk (Accipiter gentilis), the snowy owl 
(Nyctea scandiaca) and in North America 
the bald-headed eagle (Heliaeetus 
leucocephalus), the esteemed national 
symbol of the United States. 


Beaver louge, Ventilation shatt 


Caribou 
Rangiter terandus 


region of North Amer. 
ica. They feed on low: 
growing vegetation, 
especially lichens or 
reindeer moss (Ci 
onia sp). In Europe 
and Asia caribou are 
called reinde 
they lead a semi 
domesticated life in 
herds under the care 
of nomadic herdsmen 


‘American mink 
Mustela vison 


~RN Talga ana 


boreal forest 


ic 
bores! forest 
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Pine forests stretch 
across the Northern 
Hemisphere of North 


America [A], Europe 
and Asia |B). To the 
south are mixed 


deciduous forests, to 


2 Beavers dam 
streams, creating 
Ponds and flood p 
tures which chang 
the face of the land 
scape. In the centre 
of the pond, both 
male and female of 
the species help in 
the construction of 
the lodge (house) 
Lodges vary in shape 
and size and usually 
consist of a “dining 
room”, “living room’ 
and “bedroom”. The 
beavers, who mate 
for life, establish a 
family that is made 
up of the two most 
recent litters, 


3 The beaver fells 
young trees with its 
powerful incisors and 
takes them to the 
dam or lodge in the 
middle of the pond. 


eh 
Alces slces 


Reindoor 
Rangiter tarandus 


5 The American animals. They are 


mink is found in farmed for thei 
‘many parts of valuable pelts, but 
North America, je escaped 
Ithas webbed and returned to the 


feet and thick fur 
and itis equally at 
home in water and 
‘on land. Mink are 
mainly active at night 
and feed on a wide 
variety of small 


wild. The mink is a 
member of the family 
Mustelidae, which 
Includes weasels, 
stoats, polecats, 
badgers, wolverines, 
skunks and martens. 
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Northern temperate woodlands 


Broadleafed forests, consisting of a mixture 
of deciduous tree species, are characteristic 
of much of the temperate zone of the 
Northern Hemisphere [Key]. In the past, for- 
ests of this sort were probably greater in 
extent, but they have been reduced in area by 
climatic changes and man’s activities in 
creating more agricultural land 

Remnants of the former grandeur of the 
temperate woodlands can still be seen in 
China and North America. In forests there 
several plant species survive that are other- 
wise known only as fossils or cultivated 
species in Europe and western Asia. They 
include the dawn redwood (Metasequoia 
slyptostroboides), a deciduous conifer, and 
the maidenhair tree (Ginkgo biloba), both 
from China, and the tulip tree (Liriodendron 
tulipifera) from North America. 

Man's activities in the forests have been 
almost entirely destructive. Over most of 
western Europe, for example, little of the 
original woodland remains. Many of the trees 
that do exist there have been planted or man- 
aged by man, who has subdued forests to his 
needs, often destroying them completely to 


1 An oak tree sup- ! 
ports a wealth of 
Small animal life, in 
ng swarms of 


Cherry gall 
Diplolepsis quercus-tolii— 


Kidney galt 


caterpil Trigonaspis megaptera, 
and beeti 
the new I Oak apple gall 


do little lasting 
harm because the oak 
offsets the loss by 
putting out 
growth known 
“lammas leaves”. For 
some beeties the oak 
offers safety to 
their young. Larvae 
of the weevil Phyiio- 
bius live in twigs, 
those of the stag 
beetle in dead wood, 
and the nut weevil 
in acorns. Othor 
species of larvae find 
safety in galls, the 
abnormal growths on 
tree, which form 
minute 


Biorhiza p 


Stiped gall 
Diplolepsis 


Goll wasp 
Brorhiza pallida, 


Nut woevil 
Curculio sp. 


Woodland sr 
Cylindrowius punctatus 


grubs feed. in the 
Soil beneath the 

tree a variety of 
worms break down 
fallen leaves and litter 
Millipedes, worms 


Tiger beotle larva 
Cicindels campestris 


ing plants and 
roots. The voracious 
larva of the tiger 
beetle digs a deep 
hole in which to hide 
‘and catch unwary 


beetle hunts small 
forest invertebrates. 


2 Contipede 
Geophilus sp 

Carpenter math 

Prionoxystus sp. 


Longicarn beetle 


Sawlly 
Xyletrechus 50 


Tremex sp 


Corpanter moth caterpillar 


make farmland. Whenever once forested 
land is abandoned in western Europe it is 
quickly covered by scrub. If this were left a 
succession of trees would gradually become 
dominant until, after two or three centuries, « 
completely new forest would arise 


The woodland community 

The trees in temperate forests are generally 
smaller than those of tropical forests, but all 
the major plant groups are represented 
among the many species found in the 
northern woodlands. The trees themselves 
are dominant but there are other woody 
species, such as the honeysuckle and ivy, sup- 
ported by the trees; and where there is 
enough light, there may be an undergrowth 
of hazel and hawthorn or other smaller trees 
Below this is a ground layer of herbaceous 
plants that must complete their life cycle in 
the spring months due to the lack of light 
once the trees and underwood are in full leaf 
When light and warmth increase in the early 
part of the year these plants, including snow- 
drops, primroses and bluebells, flower in 
rapid succession 


Witeworn 
Denticolls linearis. 


Aynotes aterimu 


Cockchater beetle larvi 
Melolontha melotontha 


Longicorn beetle 
Enophalodes sp 


Lowa 


Most trees also flower in springtime, 
bearing catkins whose pollen is spread by the 
wind and would thus be impeded by leaves. 
The relatively few exceptions, particularly 
some of the more southerly woodland species 
such as limes and chestnuts, are insect- 
pollinated and flower later. Many kinds of 
lower plants, particularly the ferns and 
mosses, like the shade and dampness of the 
woodlands and are often abundant in forests, 
Fungi come into their own as the trees die for 
their function is largely that of recycling 
agents; they break down the woody tissues 
and return them to the soil 


Animals of the woodlands 
‘Animals in temperate woodlands are mostly 
small, The largest European animals, the 
aurochs (Bos primigentus), wild oxen, 
became extinct in the seventeenth century 
and only a small number of European bison 
(Bison bonasus) survive in the eastern forests 
of the continent. In North America the wood 
bison (Bison bison) has been reduced in num- 
bers by man and deer are now the largest 
creatures of most temperate woodlands. The 


Cockchater beetle 
Melolarthe malolonths 


Moth larva 
Acrobauis consocielle 


Groon tortnx math 
Tortris viidane 


Weewit 
Pryllebius pyr 


Longhorn beetle 
Ce 


Root gall 
Biorhza 
ude 


Marsh worm 
Lumoyieus 
rubotlus 


Mesenchytragus 


Termite 
Reticulitermes sp 


Beotion 
Ulama sp (\ett) 
and Dioedus sp 


Cuculid booties 
Brantes op (night) 
and Silvanus 50 


Tenebrionid beetle 
Alobates pernsylvanica 


Siny salamandar 
Plethodon glutinosus 


CONNECTIONS: 


See also 
Woody Fowering 
plants 

Tioos. run ana 
cimibere 

The basis o ecology 
Woodiaras of 

of the earth 
za0ge0g'aphy 
Tomperatetrts 
insecis 
ods 


2 The forest floor, 
with its fallen leaves 
and debris, supports 
a different micro- 
community from that 
of growing trees 
Hosts of small, often 
microscopic creatur 
are constantly active 
in breaking down the 


returning the compo- 
ents to the soil for 
use by the plants. 
Tiny insects bore 
into the tissues. 
preceding the many 


continue the process 
until the breakdown 
is completed. Those 
‘organisms can be 
extremely 


lized, 


require a particular 
cies of plant or 

, which will be 
tackled only when it 
is ina particular state 
of dryness or hu- 
midity, 
creatures are the 
prey of hunters such 
‘as beetles and the 
slimy salamanders; 
the bigger kinds may 
be taken by birds and 
forest mammal 
Foxes and badge 
for instance, will 
offen eat worms and 
grubs when hungry. 


Carabid bootie 
Tachyta sp, 


i 


biggest of these, the elk (Alces alces), is 
found in the more northern forest areas in 
Europe although it is more common in North 
America, where it is known as the moose. 

The paucity of large animals in the 
northern forests does not mean that the for- 
ests lack animal life, but rather that its rich- 
ness depends on specialization, which is 
better achieved by small creatures. The 
common oak (Quercus robur) is said to sup- 
Port more than 300 animal species {1]. Some 
Of these, such as squirrels, depend partly on 
other plants, But many small animals are tied 
both to one kind of tree as well as to a par- 
ticular part of it ~ a leaf, twig or root — for 
their specialized existence. At all levels, from 
the canopy to the ground, there is a web of 
interdependent species [3] 


‘The yearly food cycle 

With the springtime growth of the plants 
there is a resurgence among the animals. 
Many small creatures emerge from hiberna- 
tion to feed on the new leaves and to become 
themselves the food of numerous predators. 
These predators include invertebrates, small 


3 


1 Woodcock Scolopex sp 
2 Fox Vuloes 9 
3 Wood sorrel Oxa/is sp 
4 Horn of plenty 
Craterellus sp. 
5 Dormouse Muscardinus sp 
6 Woodmouse Apodemus sp 
7 Spatrowhawk Accipiter sp 
8 Wood anemone Anemone 1p 
9 Bluebell Endymion x 
10 Violet Viole sp 
11 Slow-worm Anguis sp 
12 Oak Quercus sp 
13 Honeynuckle 
Lonicara 5p 
14 Wood ant Farmica sp 
15 Wood war 
Phyllescopus +9 
16 Birch Bet 
17 Buttertly Par 


18 Parasite wasp 
Jehneumon 99 
19 Homot Vespa sp 

20 Bush erick 
Tettigonia sp 

21 Glow: wor 
Lampyris 9p 

22 Earwig Forticula ow 


Catocals ap 


a broad 
leaved woodland usu- 
ally contains mixed 
plant species. If the 
Soil is acid, birches 


provide nourishment 
and shelter for many 
species of wildlife, 


Some species are pri- are often present: 
marily dependent on —_ where It is alkali 
the trees for the h trees and ferns: 


food, while others 

are predators, finding 
their food among the 
herbivores, in its 


can often be found, 
Elm usually grows 
in hedgerows or at 
the edge of a wood 


23 Red underwing moth 


birds and various insectivorous mammals 

Later in the year the first flush of animal 
and plant life disappears, but at no time are 
the woods empty of animal life. Even in 
winter grubs continue to bore their tunnels 
through the trunks of the trees. When a tree 
dies it stil supports a host of organisms, such 
as fungi, ants and beetles, whose task is to 
assist in the speedy breakdown of the wood 
so that the soil is not impoverished by the loss 
of a tree. There are always small creatures, 
especially worms, at work in leaf litter on the 
forest floor, converting the autumn leaf fall 
into humus in the soil 

The trees influence life far beyond their 
‘own boundaries. Their need for water draws 
it from as far as their roots will reach. It is 
taken through the woody tissues and finally 
much of it is lost to the atmosphere via the 
leaves. A single large tree will, during spring 
and summer, pass hundreds of litres of water 
to the atmosphere in a day. The forest thus 
bypasses the normal slow route of water 
through the soil to watercourses and then to 
the sea, from where it is evaporated to form 
clouds from which rain falls again 


25 Nightingale Luscinia sp. 
26 Ash Fraxinus 4p 
27 Tro creeper Covthie sp 


29 Tawny ow! Strix sp 
30 Grey squirrel Scirus op 
31 Nut weevil Curculio sp 
32 Galls 


35 Elm Uimus op 
36 Humble bee Bombus sp 
37 Groat tit Parus sp 
38 Roo doer Capreolus 
39 Badger Meles sp 
40 Ho's tongue fern 
Phyllis sp 
41 Fly agoric Amanita 5p 
42 Wasp beetle Ciytus sp 
Primrose Primula sp 
44 Ground beetle 
Carabus 5 


24 Hover tly 
Myletone sp 


for it spreads by 
suckering, not seeds. 
Among the smaller 
plants the woody 
honeysuckle is sup- 
ported by other trees, 
The spring-flowering 
herbs include prim: 
roses, violets, wood 
anemones, wood sor- 
rel and bluebells. Two 
common large fung! 


present are horn of 
plenty and fly agaric. 
Of the woodland mam- 
mals only the dor 
mouse and wood- 
mouse are confined to 
the forest. Foxes, 
badgers, deer and 
squirrels u 

urce of food 
welter, The grey 
Squirrel, an introduced 


28 Woodpecker Dendrocopos sp 


'3 Purple emporor Apature sp 
34 Greon woodpecker Picur se 


Key 
Forest is the natural 
ground cover wher 
ever there is sutfic 
ient moisture in the 
tomperate regions. 
In North Americ: 
only remnants are left 
of the great temperate 
deciduous forests 
that once covered 
much of the eastern 
half of the continent, 


The temperate mixed 
woodlands of Europe 
extend from the Brit 
ish Isles across cen. 
tral Europe into the 
USSR. Beyond the 
Tibetan mountains 


species trom Ameri- 
ca, has largely re- 
placed the native red 
Squirrel in Britain, but 
it is not present in the 
fest of Europe. 
Woodland birds in 
clude the ground- 
dwelling woodcock, 
rarely seen because 
of its camouflaged col 
‘ouring and shy ways, 


are further areas of 
deciduous forest in 
eastern China, Oak, 
ash, beech and chest- 
nut are typical trees 


age of the summer 
wealth of insects, 
The tree creeper 
searches the bark for 
small insects but 

the woodpeckers feed 
on grubs extracted 


cleared for urban 
and agricultural de- 
velopment and in 
places the natural 
growth is being re- 
placed with faster. 
growing conifers. 


with their long bills. 
Birds of prey are the 
day-hunting sparrow- 
hawk and the noctur- 
nal tawny owl, which 
feed on small mam- 
mals and other birds. 
Many of the insects 
have short adult li 


and can be seen for 
only @ few weeks in 
the breeding season, 
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Woodlands of Australa 


Despite its large area, only a small proportion 
of the Australian land mass is covered with 
fo Temperate forest covers the 
southern portion of the Great Divide, the 


true st 


mountain ridge separating the eastern coastal 
plain from the interior, extending to the 
south-eastern corner. In contrast, the forest 


of the northern coastal areas is typically trop. 
OF large islands that form. the 
remainder of the Australasian region, New 
Guinea is clothed with tropical rain forest 
and New Zealand and Tasmania largely with 


ical the 


temperate trees, although the last two have 
suffered extensive clearance by settlers. 


The effects of isolation 
The animals and plants of the region have 
close equivalents in other parts of the world 
but relatively few representatives. 
because of the long period of isolation from 
other major continents, The less advanced 
forms of life, including insects, reptiles and 
amphibians, are unique to the Australasian 
forests. Among them are many primitive or 
relict the hallmarks of millennia 
of isolation and of istand living 


i) 


This is 


species 


including 


Hobart 
Eucalyptus Eucalypt 
amaldulensis niphophi 


Hh Muga scrub 


1 Red river gum 


Snow gum (niphophile) 


1 The effects of local 
climatic differences 
can be seen inthe 
trees found alonga 
line transect of a 
southern portion of 
the Great Divide and 
Tasmania, The west 
ward-facing moun 
tain slopes are much 
drierthan those 
facing east and on 
them grow the dry, 
hard-leaved" or 
sclerophyil forests 
of eucalyptus, Only 
inthe moist areas 
canthe species of tree 
ferns survive, The 
prevailing winds often 
warp the growth of 
beech and snow gum, 


ia 


primitive New Zealand frogs (Leiopelma 
spp) which live near mountain tops, and two 
families of egg-laying mammal, the platypus 
(Omithorhynchus of temperate 
Australian streams and the spiny anteaters of 
eastern Australia and New Guinea. 


anatinus) 


Temperate and tropical trees 

The trees of the temperate forests comprise 
many different genera unique to the world’s 
southern continents. They include many 
species of aromatic gum (Eucalyptus spp) 
and southern beeches (Nothofagus spp), In 
the damper areas, giant tree ferns (Dicksonia 


spp) abound [1 

Australasia's tropical forests, very similar 
to those of the Oriental region, include large- 
leaved tropical trees such as stilt-rooted man. 
groves (Sonneratia spp) and trees with edible 
fruits ~ coconut palms (Cocos spp), bananas 
(Musa spp) and breadfruit (Ariocarpus spp), 
In the humid forest of New Guinea t 


here are 
found only in 
acific region. They include the 
winter's barks of the family Winteraceae, the 
spiky monkey puzzles (Araucaria spp), and 


some peculiar 
the southern 


living fossils’ 


| te Bue gun [ Aa 


© Snow gum (peueitiore) WE Mangrove 
Mixed torost 


4 The koala (Phasco: 
larctos cinereus) was 
once slaughtered for 
its fur, but the animal 
is now protected. Con: 
fined to the southeast: 
ern states of Austra. 
lla, koalas feed on, 
about 12 species of 
eucalyptus or gum 
tree. They rarely 

come to the ground 
and spend most of 
their lives in the tree 
tops eating leaves and 
young bark. They are 
mostly solitary, but 
an adult male usually 
hasasmall harem, 
which he guards jeal 
ously, The maximum 
body length is 

about 85cm (33in) 


members of the primitive podocarp family 
Podocarpaceae, of which the “plum yew 
(Podocarpus spp) bears succulent “cones 
the among which they 
many of the mammals of the Australasian 
forests are unique and almost all (apart from 
bats and rodents) marsupials, The 
canopy, inhabited by primates in other for- 
ests, is here the home of tree kangaroos 


Like trees live, 


are 


s of 


the 


(Dendrolagus spp) and the many speci 
arboreal them 
recently rediscovered Leadbeater's possum 
[5] and the koala [4]. The single koala species 
is confined to the eucalyptus forests of 
eastern Australia. There, koalas are fully 
protected from the depredations of man, who 


phalangers, among 


once slaughtered them for their fur 
The predators within the forest are the 
varied species of native “cat 
are the forests of the southeast roamed by the 
pouched “wolf” or its attendant “devil”. The 
forest and scrub of Tasmania are now the 
only homes of the Tasmanian devil (Sar- 


but no longer 


cophilus harrisit), which feeds on a wide var 
iety of animal food, including carrion. When 
the pouched wolf or thylacine (Thylacinus 

Nethofegus sp 


* \ 


Snow gum. 
Eucalyptus 


Bi Mountain 


BB Snow gum (paucitior) 


2 Tree ferns and 
eucalyptus abound at 
the edge of a typical 
wat” forest area of 
New South Wales. 
Inthe depths of this 
type of forest the 
lyrebird builds 
ts domed nest of 
sticks and moss ona 
tree stump or ledge, 


3 Thecorroboree 
frog is at home in 
cold, damp moss at 
high altitudes inthe 
Australian alps. Any 
accumulation of water 
nthe mossis suffi 
jent for it to lay 

its eggsinand for 
tadpole development 


SLeadbeater's possum 
Gymnob 


deus lewdbester! 


CONNECTIONS 


See also 


|| 


__ rar = : - 


We. 


Beech forest 


5 Leadbeater’s pos. 
sum was at one time 
thoughtto be extinct 
asno specimens had 
been seen since 1909, 
However in 1961 the 
species was rediscov 
ered in a dense moun: 
tain ash (Eucalyptus 
regnans) forest in 
the highlands near 
Marysville, Victoria, 
Itis completely 
arboreal and its 
paws are adaptedto 
fe-style, being 
ry wide at thetips 
with strong, short 
claws. This possum 
displays great agility 
A pursuit of its 
insect prey which 
itcatches by night 


cynocephalus) was more common, accom- 
panying Tasmanian devils fed on the remains 
of the wolves’ kill. The last specimen of 
thylacine to be seen was shot in 1930. 


Fliers of the forests 

New Zealand forests contain only two native 
species of land mammals, both of them bats. 
the wattled bat (Chalinolobus tuberculatus) 
and the New Zealand short-tailed bat (Mys- 
facina tuberculata). Unusually, the chief 
herbivores are birds. The most spectacular of 
these, the moas, were hunted to extinction by 
the original migrants, the predecessors of the 
Maoris, for food and feathers. Other peculiar 
birds of New Zealand still living are the three 
species of flightless kiwis (Apteryx spp) and a 
rare ground parrot, the kakapo (Strigops 
habroptilus), 

Some of the most strikingly coloured and 
vocal inhabitants of the Australasian forests 
are the many varieties of birds, a great 
number of which are found nowhere else in 
the world, The most magnificent of these are 
inhabitants of the tropical forests of New 
winea and include the birds of paradise 


tin bowerbird A 
Piilonorhynchus violeceus 


Tasmania 


Tanimbar Islands 


7 The golden whistler 
isabirdfound in 
many different forms 
onthe islands round 
the Australian coast. 
Bill shape, as shown 
here, varies consider 
ably between island 
races, and reflects 

the way in which each 
has become 

adapted to feed in dif- 
ferentkinds of forest 


Golden histor gul 
Pachycephals pectoral 


(family Paradisaeidae) the bowerbirds 
(family Ptilonorhynchidae) [6], and several 
unique species of pigeons, among them the 
slate blue and crested crowned pigeons 
(Goura spp). the largest of which is almost 
the size of a turkey —about 1m (39in) long. 

Parrots abound among the branches of 
both tropical and temperate trees. One of the 
most familiar is the sulphur-crested cockittoo 
(Cacatua galerita), a popular cage bird the 
world over. Harsh and strident parrot calls 
resound through the forest canopy while in 
the densely vegetated undergrowth of the 
temperate southeast the male lyrebird [8] 
indulges in his ventriloquist song, throwing 
his voice in a remarkable assortment of calls 
borrowed from others 

From crown to floor, the forests are 
occupied by nectar-eating honeyeaters, 
insect-eating thornbills. fantails and Austra- 
lian robins. Although some birds, such as the 
rock warbler of the Hawkesbury Sandstone 
area of Sydney, have a restricted range, 
others, such as the golden whistler {7}, are 
widespread and show many local variations 
of bill shape or plumage. 


The forests of Aus- 
tralasia are of two 
distinct types: tem 
perate and tropical, 
each supporting a 


unique selection of 
plants and animals, 
‘The temperate forest 
of southeast Australia 
isthe one on which 


8 o 


6 The male satin e 
bowerbird [A] con: 

structs.a simple ws 4 
grotto of grass and 

twigs. He decorates 
this with brightly 
coloured objects, 
particularly bi 
‘ones, When atemale 
approaches [B], the 
male lures herinto 

his bower by many 
display postures, 
including wingspread- 


ing. the female is 
attracted she will sit 
‘onthe floor of the 
bowerand allow the 
male to mate with her 
[C]. She then departs 
to build a nest, lay 


eggsand tend the 
chicks alone. Bower- 
birds are grouped 
together according 
to bower type, Stage 
makers display ona 
flat, open floor; 


S9Towny ftogmouth 
Podargus strigoides 


8Superb Iyrebird 
‘Menura superba “> 


8 The secretive and 

shy lyrebird is 

rarely seen by man 

because it hides in 

densely vegetated 
in the most 

inaccessible parts of 


the temperate forest. 
The female lyrebird 
is remarkably fas 
ious, for she carries 
all the droppings 
from the nest and 
puts them ina stream. 


manhashadthe 
most impact, but even 
here high rainfall 

and fertile soil may 
produce “jungle” 


avenue builders, like 
the satin bowerbird, 
construct rows of 
grass and twigs; and 
the maypole builders 
make complex 
structures [D, €, F] 


9 The tawny frog- 
‘mouth swoops by night 
onany insect, reptile 
or small mammal that 
itcan find, mangling 
itwith the bill for 

easy swallowing, This 
common bird specie: 

i 48cm (19in) long, 
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Su 


African rain forest 


A tropical forest is a deceptive place. No 
other form of vegetation is so complex or 
supports such a teeming variety of animals 
Yet a visit there may reveal little more than 
hosts of butterflies and an o sional bird. 
Since many of the animals are nocturnal, they 
stay hidden by day in their leafy sanctuary 
Some remain in burrows in the ground litter 
and others seldom, or never, venture down 
from their arboreal homes. They are be- 
trayed only by forest sounds; a distant 
crashing of monkeys through the foliage, for 
example, or the resounding shrieks of horn- 
bills as they feed in the canopy 


‘The forest vegetation 
Rain forests such as those of Africa are found 
in tropical regions where rain falls in heavy 
storms throughout the year. In such places 
temperatures average 27°C (81°F), varying 
little between night and day, and the air is 
moist and humid 

The vegetation of the rain forest [3}, 
forever pushing upwards towards the sun, 
forms a series of distinct layers. On top, scat- 
tered tall trees or “emergents”, many with 


1 


Ohaps 1.6m 
Okapia johnston’ 


Water chevrotain 30cm 
Hyemoschus squaticus 


2 Rarely seen but 2 
continuously heard, 
forest birds tend to 

leap among the trees 

her than fly 
around the forest ¢ 
High in the canopy " 
the Gold Coast tur 
co and heavily built 
yellow-casqued horn. 
bill crash noisily from 
branch to branch in 
Search of their 
staple diet of fruit, 
while the grey 
Parrot is often seen in 
small flocks flying 
over the tops of the 
trees. Many of the 
‘smaller birds feed on 
insects and other 
small invertebrates, 
The blue fairy fly. 
catcher finds them in 
the 


d Coast turaco 


Congo peatowi 
Atiopavo congensis 


forest robin and 
Angolan pitta, aptly 
called the "jewel 
thrush” because of 
its brilliant colora 
tion, grub among 
the humus of the 
forest floor. The 
pitta is a particu 
larly hard bird to 
detect as it has the 
ability to throw its 
voice like a van: 
triloquist. The Congo 
peafowl, a ground 
dwelling bird 
related to the 
Asiatic peacock, was 
not discovered by 
Europeans until 1936, 
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flanged buttresses formed from root and 
trunk for support, reach above the thick 
spread canopy layer. In the middle smaller 
trees with long, oval crowns compete for 
narrow shafts of sunlight penetrating the 
foliage. Below, the smaller trees, palms and 
shrubs exist in a twilight microclimate and 
merge into a relatively sparse ground layer of 
shrubs and tree seedlings. Matting the tree 
trunks are creepers and woody vines (lianas), 
Wherever the sunlight reaches the ground, 
herbs, shrubs, creepers and tree seedlings are 
Woven into a dense undergrowth 
Everywhere in the forest is an ever- 
growing, evergreen tangle of plant life 
Species that grow on other plants, the 
epiphytic ferns, lichens and orchids, lodge in 
sunny branches in the canopy or shady nooks 
farther down, Some rely on litter 
accumulating round their roots for food and 
moisture while others absorb water through 
hanging roots. Strangler figs bring death to 
their host trees; germinating in the tree bark, 
they send down roots that eventually sur- 
round the trunk and cause it to rot away, 
The African rain forests contain more 


Choquered elephant shrew 30cm 
Rhynchocyon sp 


Genotta tignine 
Bandod duiker 50em 
Cophalophus zebra 


Blue fairy tycatchor 
Erannornis longicaude 


Angols pitta 
Pitts angolens 


Stiph 


erythvothorax 


than 7,000 species of evergreen and 
deciduous flowering plants and the virtual 
non-seasonal climate means that at any time 
of the year there is a supply of leaves, flowers 
and fruits for the animals. 


Life in the trees 
The way in which the forest is formed into 
well-defined layers means that animals can 
live and feed in different habitats at different 
heights from the ground. Herbivores such as 
the colobus monkeys stay fairly rigidly within 
@ particular layer, while predators, such as 
genets, are forced to make journeys from the 
ground to the canopy in search of bird, small 
mammal and insect prey 

The whole forest is a finely balanced 
ecosystem where the animals feed not only in 
different layers but also at different times. 
Monkeys and birds tend to be diurnal and 
most forest mammals nocturnal. At night the 
tiny bush babies such as the dwarf galago 
(Galagoides demidovii) emerge from their 
nests to search for flying insects [7] and fruit 
In the dense canopy the nocturnal 

omnivorous Beecroft’s tree hyrax 


1 Stripes and spots 
work equally well 
disruptive camouflage 
for many shy forest 
mammals, Blending 
in with patches of 
sunlight and dark 
ation, nocturnal 
animals such as the 
banded duiker and 
genet remain motion. 
less and hidden by 
day and emerge to 
food at night. The 
okapi, @ relative of 

the giraffe, isa 
daytime feeder. The 
horizontal stripes 

imitate the sun's 

rays as they penet- 

1 the forest canopy, 


and 


Four striped squitrel 20¢m 


Taurotragus eurycaruy 


CONNECTIONS: 


See also 


sogecgraphy 
Woody Towering 


The hoofed mammi 
are smaller than 
their relatives in 
open habitats, A 
compact body and 
‘small or backward- 
pointing horns 
facilitate movement 
through tangled 

bust Bongo and 
duiker pass under 
low bushes with 

odd, crouching runs. 
Dimensions given 

for the chevrotain, 
‘okapi, duiker and 
bongo are heights at 
the shoulder; for 

the genet, shrew and, 
‘squirrel, they are 
head and body length. 


wort galago 
Food colobus 


3 
Yellow easqued hornbill 
Certogymna elnta oot 

30m 

50tt 

18m 


3 Avariety of tree 
heights provides 
different level 
which forest animals 
may live. The tallest 
trees emerge through 
the canopy and may 
Feach to 60m (200ft) 
from the ground, 
Below, a canopy of 
interlocking tree 
crowns 15 to 30m, 


Diana monkey 
Python 
reat bive turaco 


Chimpanzee 
hesked mangabey 


African civet 
Tullberg’s rat 
Obapi 


(50-100ft) high forms 
the roof of the forest. 
In the middie layer 
(7.5-15m (25-50ft}) 
trees with long, nar 
row crowns are less 
intermeshed, Trees 
up to 7.5m (2541) high 
form a lower layer 
that merges with 
shrubs and herbs 

on the forest floor. 


(Dendrohyrax dorsalis) screams loudly as it 
scurries up and down the tree trunks. The 
red-backed flying squirrel (Anomalurus ery 
thronotus) [5] glides between trees on bat 
like wings of skin and the African linsang 
(Poiana richardsoni), strictly speaking a 
genet, emerges from its nest to hunt for 
insects and small vertebrates. 

On the ground, night-browsing mammals 
such as the bushbuck (Tragelaphus scriptus) 
start to forage, while in the forest litter the 
African civet (Civettictis civetta) hunts for 
small rats, mice and shrews, 

At dawn the monkeys begin to feed 
Distinguished by their long black-and-white 
coats, the colobus (Colobus polykomos) sit in 
groups of up to 20 animals, eating leaves and 
grooming each other. All the permanently 
arboreal monkeys are lightweight animals 
able to reach the leaves and fruit at the very 
end of slender branches. 

In the forest canopy the sound of crashing 
branches may be caused by black-cheeked, 
white-nosed (Cercopithecus ascanius) or 
diana monkeys (C. diana) leaping between 
trees, or it may be noisy hornbills, turacos [2] 


Ne 


Flatw 
Bipaliam kewense 


6 Extremes of size 
are common in trop- 
ical rain forests. 
Awarm, moist cli 
mate has allowed 
some invertebrates 
and cold-blooded 
vertebrates to become 
giants, while life 

in dense undergrowth 
has led to the evol. 
ution of dwar, her. 
bivorous mammals, 


The royal antelope 
stands only 30cm 
(12in) at the shoulder 
and is the smallest 
antelope in the 
world. In contrast, 
the goliath frog, 

of deep forest pools, 
can grow up to 80cm, 
(32in) from nose to toe 
and weigh 18kg (7Ib). 
Itfeeds on many 
‘small animals that 


val antelope ci 
vagus pyomaeus 


and wood-hoopoes, jumping from branch to 
branch in search of fruit 

In the middle layer of trees, troops of 
grey-cheeked — mangabeys —_(Cercocebus 
albigena) feed on fruit, The ranges of the 
monkeys may overlap but each species uses a 
different kind of leaf or fruit as its main diet 
The monkeys share the trees with arboreal 
snakes, chameleons and frogs as well as 
invertebrates living in the soil around the 
epiphytic plants that grow on the trees 


The ground-dwellers 
Not all forest primates are arboreal. The 
vegetarian gorillas (Gorilla gorilla), although 
they can and do climb trees, prefer to pick 
leaves from ground vegetation. These ani- 
mals, together with the forest elephants, buf 
falo and the okapi (Okapia johnstoni), are 
among the few large terrestrial mammals of 
the rain forest, More numerous are the squir- 
rels, mice, rats and tiny elephant shrews [1] 
that live in the ground vegetation. Beneath 
them a host of invertebrates carries on the 
job of breaking down the forest litter, thus 
releasing nutrients for the growing plants. 


4 Along the banks 
‘of muddy rivers 
below the canopy 
the rain forest is 

an interwoven com: 
plex of differant plant 
species. The crowns 
of small trees over. 
lap and smooth, un- 
branched tree trunks 
are festooned 

with woody lianas and 
creepers. The under 
growth is a network 
of ferns, herbs and 
tree seedlings, while 
the forest floor is 
littered with rotting 
leaves, fruits and 
tree trunks, which 
provide nutrients for 
the growing plants. 
Very dense ground 
vegetation is usually 
characteristic of 
Secondary forest, In 
virgin forest the 
scarcity of light at 
ground level confines 
undergrowth to scat 
tered clumps of 
shade-tolerant shrubs. 


spendra subspinines 


Athatine|sp 


Gohdth frog 
fiend goliath 


Mitipede 
Dovat 


include mice, rats 
and lizards, On 

the forest floor, 
feeding on dead 
plant material, live 
the giant millinedes 
that grow to 30cm 
(12in) in length, 

Also on the forest 
floor are the active 
predatory centipedes 
and the giant 

snails and flatworms, 


7 Tropical forest 
insects are the big 
gest in the world. 

The goliath beetle 
May grow up to 10cm 
(4in) long and the 
unique wings of the 
poisonous swallowtail 
Span 25cm (10in). 
‘Some predatory 
kinds of mantis are 
large enough to 

feed on flying lizards. 


The rain forest of 
Africa is the 

product of a hot, 
moist climate ali 
year round. Once 
more extensive, the 
rain forest has been 
induced to retreat 
by climatic change 
over centuries and 
itis now centred 
around the basin of 
the Zaire, with a 
fringe along the Gulf 
of Guinea and the 
coast of Madagascar. 


5 


Moustached monkey 
Cercopithecus eenhu 


5 The monkeys and 
squirrels are some of 
the most agile of the 
tree-top inhabitants, 
moving cautiously 
among the branches 
or taking spectacular 
leaps from tree to 
tree, The red-backed 
oF scaly-tailed flying 


‘Squirrel runs up tree 
trunks, steadied by 
pointed scales on the 
Underside of its tail 
and then glides 
between trees on 
wings of skin between 
elbows and feet. 

The diana and mous- 
tached monkeys use 


opposable thumbs 

to grip the branches 
and seem to crash 
their way haphazardly 
among the tree tops, 
unlike the red 
colobus which uses 
its hind legs to make 
precision jumps 
between branches. 


7 


Mantis 
Mantis sp 
African goliath 


piganteus 


African giant swallowtail 
Papilio antimechus 
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Forests of South-East Asia 


Rain forests are the natural vegetation of 
major parts of South-East Asia and the 
Indian subcontinent [Key], but as a result of 
man’s activities they have virtually disaj 
peared in large areas, especially in India, 
Bangladesh and Indochina. Where they still 
exist, in climates of high constant tempera- 
tures and high rainfall, there grows the great- 
est diversity of plants found anywhere in the 
world. With animals ultimately dependent on 
plants for food, the forests have also provided 
for the development of one of the richest 
animal communities in the world 


Forest communities 

Trees growing in the South-East Asian rain 
forests are taller than their related species in 
African and South American rain forests, 
with the “emergents” often reaching a height 
of more than 70m (22Sft). These giant trees 
begin branching only at about 45m (147ft) 
above the ground, but produce wide, 
spreading crowns, equipped with thick, 
leathery leaves adapted in shape to allow 
rapid drainage of rain from their surface 
Their most striking feature is a thick but- 


1 South-East Asian 
forests contain per- 
haps the richest pop- 
ulations of animals 
and plants in the 
world. A single hec- 


Within forests most 
animals forage for 
food beside water- 
courses or lakes 
where vegetation is 
less dense and where 


tare of forest may light penetrates. 
contain 60 different Many animals in the 
species oftrees and ——_forest 


anisiand may support 
more than 150,000 
species of animals. 


ing, for colonizing 
a particular niche 


A few are shown in ‘or for moving 
this picture, with akey about within the 
‘onthe opposite page. —_layers of the torest, 
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tressed trunk: because the thin but nutritious 
soil supports only a shallow rooting system, 
the buttresses ~ often 11m (35ft) high — are 
needed to provide stability against buffeting 
winds and rain, 

The animal community of the emergent 
zone is made up almost exclusively of birds, 
insects and bats, Because the climate lacks 
marked seasonal changes, trees can flower 
and fruit throughout the year, thus providing 
animals with a continuous supply of food. 
Hornbills (Buceros and Aceros spp) feed on 
the fruits of the “emergents” using their 
strong, curved bills to push through the 
foliage; butterflies, bees and wasps feed on 
the nectar of flowers, and fruit-eating bats, 
Megachiroptera, strip trees of their produce 
Swifts (Hemiprocne and Chaetura spp) fly 
high above trees, feeding on insects, while 
eagles (Jctinaetus and Spilornis spp) and 
other birds of prey hover above, waiting to 
pounce on small vertebrates 


‘The forest canopy 
Below the emergent zone is the forest canopy 
where the crowns of buttressed trees. fig trees 


2 Ants form a bridge aves are drawn 


and trees producing such exotic fruits as 
durians, mangosteens and rambutans merge 
to form a continuous layer of leafy vegetation 
about 45m (147ft) above the ground. 

The canopy is a home and major food 
source for many animals. There, gibbons 
(Hylobates spp) and the Malayan and 
Sumatran siamangs (Symphalangus syndac- 
tylus) swing from branch to branch in search 
of fruit, leaves and flowers. Orang-utans, 
found only in Borneo and Sumatra, forage 
for fleshy fruits. The giant squirrel (Ratufa 
indica) leaps between trees in search of nuts, 
fruits and even birds’ eggs. Minivets (Peric- 
rocotus spp) flit between branches, feeding on 
insects, while the fruit-eating  barbets 
(Megalaima spp) may be found nesting in 
holes in trees. Insects ~ butterflies, beetles, 
ants, wasps and bees ~ abound and provide 
food for insectivorous bats. 

The middle zone of the rain forests is 
composed of trees adapted to shade and high 
humidity, 30-33m (98-1 10ft) high bearing 
deep, narrow crowns and trunks and bran- 
ches covered in flowers. A tangle of ferns that 
live on trees, climbing lianas and vines and 


Loot edgos are held 
Together betore gluing 


2 Weaving ants 
{Oecophytia smarag- 
dina) are commonly 
found in all rain 
forests of South-East 
Asia. They build 
nests in trees and 
bushes by binding liv- 
ing leaves together 
with silken threads, 
Although the ants are 
unable to produce silk 
their larvae bear silk 
glands. Construction 
of a new nest com- 


CONNECTIONS 


Seo also 


vet 


mences when a team 
of worker ants forms 


set of workers draws 
the leaves together 
a second set com- 
mandeers the sill. 
secreting larvae 
(not shown) to 

spin a web of 

silk across the 

gap, thus glueing 
and sealing the 
leaves together. 


parasitic “strangler” figs, wrapped and 
twisted around the branches and trunks of 
canopy trees, also add to the foliage. 

Many of the animals of the middle layer 
are highly adapted for movement between 
trees. Several species of lizards (Draco spp), 
frogs (Rhacophorus spp), squirrels (Acromys 
spp) and flying lemurs (Cynocephalus spp) 
bear extensible flaps of skin that allow them 
to glide large distances from tree to tree, 

The binturong (Arctictis binturong) has 
claws and a prehensile tail forclimbing, while 
the long tails of langurs (Presbytis spp) and 
proboscis monkeys (Nasalis larvatus) which 
live mainly in swamp regions are used only 
for balancing as they leap between the 
branches, The more terrestrial macaques 
(Macaca spp) possess much smaller tails. The 
calm, humid climate of the middle layer has 
also allowed flying insects to evolve 
enormous wings [3], which they use in their 
search for specific flowers and fruits, 


‘The shrub layer 
In primary rain forests the shrub layer is 
rather sparse and consists mainly of woody 


1,14 Gibbons Hylobates spp Pycnonotu: 


2:1 1Colugo Cynocephalussp 20 Langurs Presbytis sp 
5 Fiving lizard 21 Orang-utan Pongo 
Draco volans pyomoeus 


1 Stick Insect 


22 Sumatran rhinoceros 


wslus sp Didermoceros sumatrensis 
ser-groen broad 23 Malayan tapir 

bill Calyptomens viridis Taplrus indicus 

6 Tarsier Tarsius sp 24 Banded linsang 

7 Green pit viper Prionodon tin 


Trimeresurus 3p 
8, 13 Hombills 


26 Indian di 
‘melanogaster 
26 Tiger Panthero tigris 
27 Muntjas Muntiocus sp 
28 Sun boar Melarctos 
malsyanus 

28 Jungle fowl Gaus sp 


Pulehviphyllivem sp 
10 Orchid mantis 
Hymenopus coronatus 


12, 16 Flying foxes 30 Adjutant stork 


Proropus spp Leptoptilus dublus 
15 Brahminy kite 31 Black-naped blue 
Haliastur indus monarch Mypothymis azuren 


17 Prevost’s squirrel 
Sclurus prevosti 

18 Troe shrew Tupaie sp. 
19 Yellow-crowned bulbul 


32 Fishing cat Felis 


Echinosorex sp 
ting macaques 


4 Rafflesia arnoidi 
{Al isa rare pa: 
tic plant, bearing 
neither stem nor 
leaves, that grows 
‘on the branch of one 


. Measur- 
ing up to 1m (39in) in 
diameter, itis the 
world’s biggest flower. 
[8] Germinating 
Reffiesia seeds pro- 
duce strands of calls 
{1] that penetrate 

tho water- and food- 
conducting channel 

[2] of the host 
to absorb water 

and nutrients. 

The bloom lives 

for less than a week, 


plants and young growing trees, which reach 
@ height of about 5.5m (18ft). However, 
where light penetrates to the inner forest, or 
in secondary forests, this layer becomes much 
denser and bears numerous broad-leaved 
herbaceous plants. On the margins of rivers 
and lakes palm trees and mangroves thrive, 
Such areas are the home of the nocturnal tar- 
sier (Tarsius spp) which leaps from branch to 
branch as it searches for lizards, spiders and 
insects. The leopard (Panthera pardus) its on 
an overhanging bough awaiting its prey. 
Vipers (Vipera spp), pythons (Pyrhon spp) 
and tree-snakes (Boiga spp), which feed on 
small mammals, reptiles and birds, wrap 
themselves around the thick branches, 
Broadbills (Calyptomena spp), shamas (Cop- 
sychus spp) and flycatchers ( Terpsiphone spp) 
fly swiftly through the foliage. But by far the 
most numerous animals are the insects — 
camouflaged stick and leaf insects, grasshop- 
pers, crickets and cicadas, beetles, butterflies 
and moths and ants, bees und wasps - of 
which more than 100,000 species have been 
described, It is possible that a comparable 
number remain undiscovered 


Gliding trog 
Ahacophorus nigropalmatus 


Macaca itus 5 
35 Graphium buttery 
36 Crocodile Crocoayivs sp 
37Small-clawedotter Aonyxsp. 
38 Indian three-toed king 
fisher Coyx erithacus 
39 Binturong Arcelie 
binturong 
40 Mangrove snat 
Boige dendophila 
41, 45, 56 Soldier crabs 
ote mictyrottes 

Apples sp 
43 Butterfly Prochow sp 
44, 51.54 Fiddler crab Uce sp 
46, 50 Mudskippers Perioph- 
thalmus spp. 
47, 48 Swallowtails 
Papilio spp 
49 Atrophaneur 
52 White-breasted water 
hen Amauromnis phoenicurus 
53 Blue-winged pitta 
Pitta brachyura 
58 Python raticuletus 


Drymoglossum piloselioites 


Phalaenopsis heideperte 


5 Mosses, lichens, 
ferns and orchids 
grow on branches of 
trees such as Aver- 
thoa, where they re- 
ceive sunlight and are 
nourished by humus 


BBB rvopical forest 


Rain forests would 
grow in all the areas 
shown in blue on the 
map were it not for 


Dendrobium 
tindlayaoum @ 


Averthos bilimbi 


inthe bark. Accumula- © 


tions of these epi- 
phytes trap water 
and provide a 
suitable home for 

2 varied host of 
invertebrate animals, 


rN ampullarie 


man. They are now 
found only in the West- 
ern Ghats of india, 

Sri Lanka, Burma, 


Atlan moth 
Attacus atlas 


Thailand, Laos, Mal: 
‘aysia, the Philippines, 
Borneo, Sumatra 
and the Celebes. 


3 The Atlas moth 
and the gliding frog 
are ively common 
inhabitants of rain 
forests in South- 

East Asia. With a 

wing span of upto 
‘30cm (12in) the 

Atlas is the largest 
Asian moth and 

has the greatest 

wing span of any 
lepidopteran, The 
gliding frog of 


and allow it to glide 
more than 12~15m (40- 
5Oft) between trees, 


4 
FF conteayne mesuingusns 


N. raja 


N. gracilis 


6 The pitchers of 
the Nepenthes genus 
of plants are ex- 
panded leaves modi- 
fied for catching 
insects. Ants, flies 
and beetles are lured 
to the pitchers by 

the scent of nectar 
and become trapped. 
Insects are probably 
eaten to obtai 

trogen, which is 
scarce in the heavily 
leached soil. There 
are about 60 differ- 
ent Nepenthes 


New World tropics 


Enveloping the basin of the great River 
Amazon in a shroud of dense vegetation is 


the greatest continuous mass of rain forest in 
the world. The abundance of water and the 
warm, humid climate support dense stands of 
Irees that are festooned with creeping and 
climbing lianas, The forest floor receives 
little light and is the home of dark-coloured 
animals that prefer a cool, damp environ- 
ment, High above is the forest canopy, acon 
tinuous collection of tree tops broken only by 
tall, scattered emergent trees, It is here that 
most of the light is filtered out and where an 
abundance of animal life resides 

The exuberant vegetation provides a wide 
range of habitats for a remarkable variety of 
animals, although they are not usually 
densely distributed and the visitor may see 
few of them, The lack of seasonal variation in 
temperature guarantees a supply of food for 
these animals throughout the year 


ish, insects and birds 

The number of different species of fish in the 
rivers and insects in this tropical rain forest is 
So vast that they have never been fully clas 
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sified. Small predators, especially the birds, 
grow fat at their expense, living in colonies 
along the banks of the rivers. The insects are 
remarkable not only for their numbers but 
also for their size and way of life. The Her- 
cules beetle (Dynastes hercules) measures up 
to 15cm (6in) in length and is rivalled in size 
only by the bird-eating spiders ( Theraphosa 
spp) which grow up to 25cm (10in) across, 
feeding on small animals of all kinds. Butter 
flies are remarkable for their beautiful col 

ouring but some of the most fascinating 
insects are the ants. Leaf-cutter ants (Ata 
spp) dissect leaves and carry them off to build 
compost heaps where they grow and “farm 

the fungi on which they feed. 

It is the birds of the forest that represent 
the most diverse adaptations to the numerous 
habitats and which exploit the various food 
sources without undue competition. They 
include macaws, pigeons, tanagers and the 
delicate humming-birds, all of which feed 
almost entirely on plants and their products. 
The insectivores are specialized in their feed 
ing habits: swifts take insects in flight, 
woodpeckers feed on bark insects, cuckoos 


eat venomous wasps and a whole family, the 
Formicariidae, feed entirely on the abundant 
supply of ants. High in the canopy hawks and 
owls patrol the forest, preying on reptiles, 
birds and small mammals. 


Mammals and other land animals 

In comparison to the birds, mammals are 
poorly represented, Land mammals tend to 
be small, like the shy brocket deer (Mazama 
sp) which is only 91cm (3ft) long, The habitat 
usually occupied by deer is here exploited by 
rodents such as the agouti (Dasyprocta sp) 
and the paca (Cuniculus paca). But the 
region can also boast the largest rodent in the 
world, the peaceful capybara (Hydrochoerus 
hydrochaeris), which lives in large family 
groups on the banks of the rivers. Two of the 
strangest creatures in this land of contrasts 
are the anteater and the tapir. The great 
anteaters or ant bears (Myrmecophaga 
tridactyla) are solitary animals that roam the 
swampy areas of the forest, while another 
anteater, the tamandua —(Tamandua 
tetradactyla), has become arboreal. The tapir 
(Tapirus terrestris), « relation of the horse and 


29 Jaguar 
Panthers oncn 


leal-hopper 


1 The dominant fea- 
tures of the forest 
are the trees and the 
water; asa result, 
most of the animals 
living there are 
either arboreal or 
aquatic and some 
times both. Evary 
single niche in this 
enormous habitat is 
fully occupied with 
a bewildering collec: 
tion of animals and 
plants. The huge 
trees are supported 


CONNECTIONS: 


by buttress roots 
inthe often unstable 
Soil and are fes: 
tooned with long lia 
nas. Epiphytes, such 
as the startlingly 
beautiful orchids 
and bromeliads, 
abound on tree 
trunks and branches 
The numerous rivers 
provide homes for 
millions of fish, 
There area number 
of aquatic or semi 
aquatic creatures 
that use the rive 

as their base. These 
include reptiles such 
as terrapins, alliga: 
tors and anacondas. 
Wading birds such as 
the roseate spoonbill 
and scarlet ibis are 
also found on or by 
the river. Many ani 
mais live at the 
water's edge, brows: 
ing on aquatic plants, 
They include the 
tapir and the world’s 
largest rodent ~ 

the capybara. The 
shy paca roams the 
forest floor amid 
millions of insects 
and many species of 
frogs and reptile: 


live high up in the 
forest canopy. There 
troops of monkeys 
show off their acro- 
batic skills and the 
sloth lives up to its 
name with its fu: 
nereal progress 
through the branches. 
Most of the birds 
also live in the can 
opy. They range in 
size from the big- 
billed toucan to tiny 
humming-birds that 
flit from flower to 
flower like irides. 
cent jewels. The sol: 
itary jaguar is fond 
of water and often 
chases tapirs and 
capybaras right 

into the river 

It also feeds on fish 
and alligators which 
itcatches in shallow 
parts of the river, 


inna 


thinoceros, belongs to a family of animals monkey (Ateles sp); the howler monkey 
that was formerly widespread butisnow con- (Alowatta sp), which has the most powerful 
fined to Central and South America and Vocal call of all the primates, and whose roars 
similar habitats of southeastern Asia. It is can be heard for miles: and the only truly 
nocturnal and feeds on vegetable matter. nocturnal monkey, the large-eyed 
Other ancient residents include marsupials, douroucoulis (Aorus sp). Bats also abound in 
made up of a group of opossums, of which the the forest. Some, such as the fruit bats, are 
common opossum (Didelphis marsupialis) is herbivorous, others are insectivorous and yet 
found as far north as the southern states of others entirely carnivorous. One of the most 
the USA. The only aquatic marsupial present, notorious is the vampire bat (Desmodus 
the yapok (Chironectes minimus), hunts by rotundus) which pierces the skin of 
night for frogs, fish and crustaceans, warmblooded animals with its sharp teeth 
In the higher levels of the tree canopy the and drinks the fresh blood. 

inhabitants vary from extremely agile, 

acrobatic monkeys to slow-moving sloths — Numerous predators 

both the three-toed (Bradypus iridactylus) The vast array of animal life supports many 
and the two-toed (Choloepus hoffmanni) predators including larger reptiles such as the 
kinds. The monkeys differ from their giant anaconda (Eunectes murinus), the 
counterparts in the Old World, having smaller boa constrictor (Constricior con. 
evolved quite separately. They are divided sirictor) and alligators and caimonc. ‘Tho 
into Wo groups, the marmosets andthe cebid largest. mammalian predator is the jaguar 
monkeys. Marmosets are the smallest pri- (Panthera onca), one of the resident cat 
mates in the world - the pygmy marmoset family that includes the puma (Felis con- 
(Cebuella sp) grows only 7-10cm (3~4in) in color), ocelot (Felis pardalis), margay (Felis 


DD Tepical torest 


‘The great Ami ir \dex- westwards to the 
length. The cebids are more diverse in their wiedii) and the jaguarundy (Fel Ameoeranerce — (huenbeet rico footie ofthe 
appearance, They include the agile spider yagouaroundi), coversthe low-lying the Gulanae and ‘Andes mountains 
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but some like the 17 Coed fret acon 
eagles also eat mam- Micrastur semitorquatus 
Is. Owls normally 18 Spectacle onl 
hunt at night and Pulsatrix perspiesiata 
feed on any pray 38 Great cam 
i a no 
Synattuus riteapute 
21 Chestnut woodpecker 
1 Crostod eagie Caleus eh 
Morphaus quianenuis 22 Red: billed seythebil 
2 White-collared swift Compyloramphur trochi 
Stieptoprocne ronm's lirastis 
3 Hyacinth macaw 23 Black-throated trogon 
Anodorbynchus hyacinthinus. Trogon rutus 
4 Shon-billed pigeon 24 Cock-of-the- rock 
Corumba nigrrostis 
5 Biue-throated piping guon 
Pioile wile Paroaria gulars 
6 Siver-throsted tanager 26 Brazihan tanager 
Tangara icterocophale Ramphocelus bresnivs 

27 Groy-winged trumpoter 
Psophia crepitans 
28 Marbled wood quail 
Ocontoprons guisner 
Cyelorhis gupanensis 29 Black: belied gnat-eat 
9 Ornate umbrella-bird Conopophegs melsnogaster 
Cophatoptervs omarus 30 Grey-throated leat 
10 Cayanne jay scraper 

Sclerurus albigularis 


Main canopy 


. Middle canopy 

and avery wide migrate to escape for manoeuvring be- 

Variety of food to harsh conditions. tween the trees, The ) Feeding habits 
ste more numerous _ sustain them. Th Th Swifts rarely enter 
and vividly coloured unvarying climate wed — the forest but hunt ae 
than any others. The —_ensures.a year- move only withina —_for insects over the 
complex ecosystem round food supply restricted area. canopy. Their wings fm I Omnivore 
provides an abun- and, as a result, Most of them have are long and narrow ran 0) Shab end ground Yeyor TO Nectar-teeder 
dance of habitats birdsdonothaveto short, wide wings for fast flying. The 
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Life in the desert 


A desert is defined as an area with less than 
25,Sem (10in) rainfall a year, supporting only 
a limited animal population. No two deserts 
are the same. They are of two types, known as 
cold or hot deserts [Key] depending on 
whether they are cold or warm in winter. 


‘The distribution of deserts 

‘Cold deserts are found in North America (the 
Great Basin), northern Asia (Gobi) and 
South America (Andean plateau-puna). The 
hot deserts are found in southern North 
America and Mexico (Mojave, Colorado, 
Arizona-Sonora, Baja California and 
Chihuahua), in South America (Chile and 
Peru coast), northern and southern Africa 
(Sahara, Kalahari-Namib) and Australia, 
The plant and animal life supported by the 
desert is as varied as the people who share the 
same environment. But there is one factor 
common to them all: to a greater or lesser 
degree they have had to adapt to the harsh- 
ness of desert life caused by the lack of water 
and shelter and the extreme changes in 
temperature. Temperatures as high as 56.7°C 
(134°F) have been recorded in the hot desert 


found most notably in 

the Mojave andColor- among them the 
ado deserts, Southern pack rat (Neotoma 
USA. It plays host to a magister) (7), bulld 
large number of their homes at the 
animals, Dependent —_tree base. Birds, 
insects include including the 
weevils (Yucceborus small cactus wren 
spp) [3] andtermites —_(Campylorhynchus 
(Paraneotermes spp) brunneicapillus) 
[Glwhile the yucca (1), Scott’ oriole 
moth ( Tegeticula (Icterus parisorum) 
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of Death Valley, California, and as low as 
~40°C (~40°F) in the Gobi and there are 
great changes in temperature from day to 
night. All living organisms in the desert — 
plants, insects, reptiles, birds and mammals — 
depend upon water in some measure if they 
are to live, but in various ways they have 
evolved a capacity for surviving on the barest 
minimum supplies during the frequent 
periods of drought 


Desert plants and insects 

Desert plants (or “xerophytes”, which is the 
name for plants living in an area where water 
is scarce) have adapted in a variety of ways 
[3]. Some plants can become dehydrated 
without permanent injury. Older leaves may 
dry up and die but young leaves, though 
drying and turning brown, will continue to 
grow when watered again. 

Plants may also evade drought. The life 
cycle of a plant such as the Californian poppy 
is completed within a short space of time so 
that during the most arid months of the year it 
is below the surface in seed form where it can 
lie dormant for several years without rain (4]. 


generally cylindrical 
‘or spherical to re- 
duce surface evapor- 
ation. Few cacti (fam- 
ily Cactacese) (1, 2, 

3, 4,7, 10] have leaves 
but many have sharp 
thorns or spines to 
discourage animals 
from eating them. The 
cactus form may be 
seen in other desert 
plants (11, 12] but 
most have succulent 
i 8, 9] or reduced (6) 
leaves, These plants 
belong to several 
families Including 

the Crassulaceae [6], 
Stapeliaceae [12], 
Euphorbiaceae (11) 
Liliaceae (6. 9] and 

[2] and the gila wood- the Aizoaceae (8). 
pecker (Centurus uro- 
pygialis) (4), attracted 
by insects, nest 
‘among the leaves. 
Reptiles such as the 
‘spotted night snake 


Key to species 
1 Eviocectus sp 
2 Astrophytum sp 
3 Mammilacia 99 


(Hypsiglena torquata 

deserticola) [8] and se 
the night lizard ae 
(Xantusia vigilis) 8 Haworthio sp 
[9] soon arrive to 10 Cereus sp 
consume some of 11 Euphorbia sp. 
the abundant food. 12 Stapeli sp 


An interesting phenomenon of some desert 
plants is that only part of the seed germinates 
at the first watering; other parts have to be 
subjected to several falls of rain before 
growth of the seedling is possible. This helps 
to ensure the survival of the species. 

Drought resistance is the most usual 
method of survival. Some plants shed leaves, 
so that they need less water to stay alive. 
Others grow extraordinarily deep roots to tap 
the reservoirs of water deep underground. 
Mesquite and acacia trees, for example, grow 
roots to a depth of 15m (50ft), while those of 
shrubs such as Arriplex halimus grow to 18 or 
21m (60-70ft). Another way is for plants to 
develop root systems over a wide but shallow 
area to take maximum advantage of a brief 
fall of rain. Such root systems can run for 
more than a kilometre. Some plants die back 
to ground level surviving the drought as 
tubers and bulbs, while others store excess 
moisture within their stems to be used up as 
required. Many succulent plants (Aloe spp, 
Crassula spp) have leaves that are adapted 
for water storage. The long, silky hairs cover- 
ing such cacti as Cephalocereus spp also help 


CONNECTIONS: 


See also 
Desert birds aret 


Enaangered species 
Tre baois of ecology 


pe 
a. wealth of plant 
life. The hot des- 
erts of Mexico and 
North Americ 
the home of most of 


from less than 2.5cm 
(1in) to over 
15.2m (BOR), ar 
the ones most often 
associated with the 
desert landscape. 
The prickly pear 
{Opuntia sp) and 
the tall upright 


4 When rain falls 
in the desert after 
adry period the 
land may be rapidly 
transformed into a 
colourful and lush 
meadow. The seeds 
have lain dormant, 
awaiting water to 
complete their ger- 
mination before 
bursting into life. 


a 


to prevent water loss. Desert plants provide 
shelter (1] for many animals, including var- 
ieties of birds, reptiles and moths. 

Insects exist in great numbers in the 
desert and they play an important part in the 
survival of the other desert-dwellers, some of 
which are exclusively insect-eating, The 
adaptation of these small desert inhabitants 
to the aridity and heat varies enormously [5, 
8}. Some, such as the harvester ant, are physi- 
cally unsuited to the terrain and so make their 
nests deep underground where they are only 
slightly affected by temperature. The har- 
vester ant makes brief foraging expeditions 
above ground to collect seeds, most of which 
are stored against times of drought 

Many insects are nocturnal, sheltering 
during the day under rocks or just below the 
ground’s surface. Diurnal insects (those that 
are active only by day) have either long legs 
to lift their bodies above the hot sands, or the 
ability to fly, or climb on to plants. Most 
insects avoid dehydration by secreting on 
their cuticles a thin layer of wax that is rela 
tively impermeable to water vapour. This 
layer is also impermeable to oxygen and 


8 


Tenebrionid beetle 
Stenocnrasp 


10 Puptish are 
relics of an aquatic 
fauna that once 
Populated certain 


10 


desert zones when 
there were extensive 
kes rather than 
arid sands. Male and 


Owens Valley puptish 
Cyprinodon rediosus 


11 Spactefoot toad 
Scaphiopus couchi 


11 The spadetoot é 
toad, so-called be 
cause of the digging 
appendages on the 
hind feet, is one 

of several species 

of desert toads. It 
lives in a burrow 

for most of the year, 
emerging at night to 
feed on insects. If 

it rains the toad goes 


to the nearest pool, 
where males and fe- 
‘males mate and the 
eggs are laid, The 
tadpoles then develop 


carbon dioxide so a mechanism has evolved 
whereby the gases can cross the shell while 
water loss is kept to a minimum, Breathing 
is controlled via special apertures, known 
as spiracles, which are opened to facilitate 
respiration only when a sufficient level of 
carbon dioxide has accumulated in the body 


Reptiles - the best survivors 
Reptiles form another group of desert crea- 
tures, and it is probably the group that feels 
most at one with its habitat[12, 13]. They are 
cold-blooded animals — unlike birds and 
mammals ~ which makes it impossible for 
them to maintain internal heat, so they have 
to rely on the sun to warm the surrounding air 
and ground in order to raise their body 
temperature. In extreme heat, however, their 
bodies become so hot that it is often neces- 
sary even for them to take shelter, They also 
have to find less exposed places at night to 
Protect themselves from the cold, Snakes are 
More numerous in the desert than any other 
reptiles but because they are often nocturnal 
they are less obvious than the lizards that 
scurry about during the day. 


5 Tenebrionid beet- 
les are typical of the 
many desert beetles; 
they live in sand 
dunes into whose 
safety they 

plunge at the first 
hint of danger 


6 Scorpions can 
withstand groat heat 
They live on spiders 
and insects but 

will also attack 
other scorpions. 


7 Camel spider is 0 
name for a solifugid, 


8 Scorpion 
Buthus occhtenus 


@ over 800 species, 
mostly nocturnal, 


female Owens Valley 
Pupfish, together 
with several other 
species of fish, 

may still be found 

in the water pools 

of the American 
deserts, which are 

in fact vestiges of 
former great lakes. 


8 Some honey ants 
are living food stores 
accepting honey from 
the rest of the colony. 
Their abdomens di 
tend to form food- 
filled globes from 
which others feed 
in drought periods. 


i 


14 Skink 
Scincus scincus 


rapidly and by the 
time the waters have 
dried up have become 
mature adults, 

ready for burrowing, 


7 Banded gecko 
Colvonys verlapatus 


Deserts are 

found in all the 
continents of the 
world and make up 
ebout 14 percent of 
its total land mass. 
The Sahara, which 
is the largest 
desert, has an 
area of roughly 
900 million hec- 

tares (3.5 million 
square miles) 


tructive desert grass: 
hoppers: an average 
swarm is made up of 
1,000 million indi: 
viduals which, coll 
ectively, need to 
eat 3,000 tonnes of 
food each day to sur 
vive, Although there 
is a naturally high 
mortality rate, thoy 
present a serious 
problem to farmers 
they are 
found as thay are 
unpredictable and 
difficult t0 control 


Desert tonoie 
Gophers sp 


Although deserts 
are easily recog: 
nizable, they are 
often difficult to 
define, but any 
area receiving less 
than 25.5cm (10in) 
of rain a year can 
be thought of as one, 
The boundaries of 
deserts are also 
hard to define as 
few deserts consist 


of totally barren 
sand. Instead 


vegetation merges 
imperceptibly with 
that of the sur- 
rounding area 

Sand is nota 
regular desert 
feature. Deserts 

can consist of stones, 
rocks or even salt, 


Honey ant 
‘Myrmecocystus melliger 


12 The banded gecko 
is one of a great 
many species of 
gecko inhabiting 
desert regions, 

{tis nocturnal, 

hiding under rocks 
during the day 

and foraging for 
insects at night. 


13 Desert tortoises 
are perfectly adap- 
ted to their environ. 
ment, The heavy 
shell, a protection 
from extreme heat 
{and cold) and from 
predators, houses 
two storage sacs 
for excess moisture 


14 The skink is 
‘sometimes known as 
"sand fish”. It seems 
to swim through the 
sand, pushing itself 
along with its flat 
tened toes which are 
fringed with sc 
lt spends much of its 
time just beneath 
the surface looking 
for insects. 
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Desert birds and mammals 


There are fewer birds and mammals, espe- 
cially large ones, in deserts than in other reg- 
ions, but a surprising number do manage to 
survive in this harsh environment. They can 
only do so by adaptations of their behaviour, 
life processes and external coverings. 


‘The adaptable camel 

The camel (Camelus dromedarius) [Key] is, 
because of its usefulness to man, one of the 
commonest and best known of the larger 
desert mammals. Unlike other large, indi- 
genous desert mammals such as the addax 
(Addax nasomaculatus) [2], which is 
threatened with extinction, camels are 
increasing in numbers, 

The adaptations that enable the camel to 
live in desert conditions have been closely 
researched and the findings probably apply 
also to other large desert mammals. The 
camel has a remarkable ability to withstand 
heat, and its body temperature can fluctuate 
by as much as 6~7 Centigrade degrees (about 
12 Fahrenheit degrees) without causing it 
distress. During the day the camel's body 
may heat up slowly to 40°C (108°F), and 


1 Desert rodents 1 
exist in large num- 
bers, having success- 
fully adapted to 

their environment by 
living in burrows, 
They include the 
desert jerboa, kan- 
garoo mouse and 
naked-soled gerbil 
They can make long, 
swift leaps with 

their powerful hind 
legs to escape from 
predators. Using 
their tails as rud- 
ders, they can alt 


Desert jorbo 
Jaculus jaculus 


They are also pro- 
tected by their 
sensitive hearing, 


Addax 
Addex nasomaculatus 


species, Like many 
other desert dwel- 


2 One of the larger lers, it does not 
desert mammals is need liquid wat 
the addax, This survive, but ob’ 
the necessary fluids 
from its food. It 
hunter, who prizes has a well-developed 
its meat and fine sense of hearing 
skin. As a result, but lacks the speed 
itis now a very to fles success: 
much endangered fully from danger. 
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during the night may drop to 33.9°C (93°F). 
The camel's hump, which is a fat store, 
contributes indirectly to the control of its 
body temperature. The lack of insulating fat 
beneath the skin allows heat to escape easily 
and the animal's thick, woolly fur serves as 
insulation against the entry of heat 

‘The camel is also unusually adapted to 
reducing water loss from breathing, sweating 
and excretion. If man lost water amounting to 
12 per cent of his body weight he would die of 
“explosive heat" because, as water is lost, 
blood decreases in volume and becomes 
thicker, slowing down the circulation 
Internal heat can no longer be dissipated 
from the skin and death quickly follows. The 
camel, however, can lose up to 25 per cent of 
its body weight in water and still maintain its 
blood volume by removing water from the 
body tissues. The camel's sweating reflex is 
not activated until its body temperature 
reaches about 40°C (105°F). 


Antelopes and cats 
The increasingly rare addax is u member of 
the large cattle family (Bovidae) which 


Kangaroo mouse 
‘Microdipodops »p 


3 Pallas’ cat | 4 Ahardy desert 
in burrows. or among animal from Australia 
the rocks of the is the red kangaroo. 


Asian deserts. It 
is an agile hunter, 
whose body length 


Although widely 
distributed across 
the continent, its 


does not normally numbers have been 
50cm [20in]. reduced by hunting 
is on and the fencing of 


variety of small 


sheep ranges. Its 
birds and rodents, 


urinary system, like 
that of the ground 
squirrel and kan- 
garoo rat, has evolved 


‘3Pallas’ cat 
to cope with desert 


Fells manul 


5 The kit fox and 
the fennec are sim)- 
far but unrelated 
desert mamm: 
kit fox is from 1 
New World, the fen: 
nec from the Old, and 
both have adapted 
independently but in 
the same way to 
desert life, This is 

2 case of convergent 


evolution — the 
development of simi. 
lar characteristics 

by animals or pian 
of unrelated species. 
Both are nocturnal 
and live in burrows. 
They feed on insects, 
lizards, rodents 

‘and birds which they 
detect with their large 
and sensitive ears. 


The 


includes the antelopes and sheep. It is even CONNECTIONS 
more resilient than the camel in that it dOeS 44 ste0 

not need to drink water at all, because it takes Actralanoesen 
in the moisture it needs by cating plants, Z=s4705 
Simply by sniffing the air, the addax can grassuros 
locate from great distances an area where “"Sanveves 

rain has fallen. As a result, it can live in arid Trecinsstcavonot 
Fegions that no other mammal couldtolerate, fs cscayonat 
not even the well-adapted scimitar-horned —manmals 


oryx (Oryx dammah) - another animal 
related to the addax ~ which is at home in the 
Libya and Sahara deserts, 

‘A well-known desert antelope is the 
graceful and fleet-footed gazelle (Gazellasp) 
of which there are several species, but the few 
remaining animals are a sad indictment of the 
“sportsmen” who shoot them with high- 
powered rifles and even machine-guns from 
motorized vehicles - proving that even swift 
species such as these can eventually be wiped 
‘out by such methods. 

Relatively few large carnivores live in 
deserts: the cat family is well represented, but 
the only big cat is the cheetah (Acinonyx 
jubatus), the fastest land animal in the world. 
It is exceptional in its habits because, unlike 


Kangaroo mous 
Notomys mitchell 


conditions and its urine 
is highly concentrated 
This desert mammal 
drinks only in periods 
cof extreme heat and 
drought. Kangaroos 


4 Rod kangaroo 
‘Macropus 
tutus 


jumping ability. 
Recent studies have 


shown this to bea 
more efficient way of 
moving than the nor- 
mal four-legged gait 

of other mammals. 


5 Kit fox 
Vulpes velox 


Fennec fox 
Fennecus zerda 


a 


the other members of its family, it does not 
stalk and pounce on an unsuspecting prey, 
but runs it down. The small desert cats 13) 
tend to be nocturnal, lying in wait for other 
creatures of the night ~ their prey, 

Very few members of the dog family 
inhabit deserts, but those that do are ail 
similar in colour and appearance [5]. They 
are generally small with large ears and usually 
hunt by night. Such animals are omnivorous. 

Rodents are the commonest of the small 
desert mammals, Most are nocturnal and 
pass the day in burrows. There, where the air 
is more humid than itis outside, they remain 
cool. Many do not drink, obtaining all their 
water from plants. Some are known to obtain 
water by the oxidation of the carbohydrates 
in their food, which is mainly dry seeds. They 
also have highly efficient kidneys which 
extract most of the water from their urine. 
Jumping as a means of movement has been 
developed in most of these desert rodents [1] 
Although they all look similar, they are not 
closely related and come from different 
continents. Jerboas (Jaculus spp) and gerbils 
(Tatera spp) are from Africa and Asia. Mic- 


inner falcon 
Falco biamicus 


Cinnamon quail thrus 


Cinclosoma cinnamomeum A / 


Ground jay 

Podoces panderi 

6 Typical desert [6in) long. it often 
birds include the nests in cacti us- 
lannerfalcon, which —_ing the abandoned 

feeds mainly on other nests of the gila 
birds. It has been woodpecker. The elf 
4 popular bird with ow! feeds on insects 
falconers for thou: and occasionally on 
sands of years in small birds, The 


Africa and Asia 

The elf ow! is one 

of the smallest of 

the owls, about 15cm 


irning dove can 
withstand a variety 
of climatic condi- 
tions and so is at 


Elf ow! 
Micrathene whitney/ 


rodipodops are from North America and 
Notomys from Australia. 


Birds of the desert 

Many birds live in the desert, from the tiny elf 
owl (Micrathene whitneyi) [6] to the flightless 
ostrich (Siruthio came.us), the largest bird in 
the world. Desert birds may feed on seeds or 
water-rich plants such as cacti but many, such 
as the roadrunner (Geococeyx californianus) 
and the elf owl are predators, getting all the 
liquid they need from other animals. Birds 
that are mixed feeders, such as Pallas’ 
sandgrouse ( Syrrhapres paradoxus), are often 
migrants or nomads. 

Ostriches are well adapted to desert life. 
They obtain the water they need from the 
plants that they eat and merge well into the 
pale tones of the desert landscape when 
squatting on the ground. If threatened while 
on the nest, which is just a shallow scoop in 
the earth, the hen bird presses her long neck 
flat down on to the sand, making herself dif- 
ficult to distinguish. This attitude has perhaps 
given rise to the mistaken belief that ostriches 
bury their heads asa defence 


Mouming dove 


Cockatie! 
Nymphicus hollandicus 


Budgerigar 
Molopsittocus 


undulatus 


home in the desert, 


eggs. The budgerigar 
It breeds almost 


is the native ni 
for a little Aus 
lian parakeet well 
known as a cage bird 
in manw parts of the 
world. nthe wild 


1S water to its 


offspring by soaking —_it lives in large 
its breast feathers; flocks in the semi- 
the young drink from deserts of Aust. 


these. The water 
also cools unhatched 


Roadrunner 
Geococcyx californisnus n 


Key 


The camel can survive 
in the desert heat 
because of its abil- 

ity to lose water 
amounting to 25 per 
cent of its body-weight 
labove), No man could 
withstand such severe 
dehydration and live, 
Within ten minutes 

of drinking [below 

the camel returns to 
its normal appearance 


Zenaidure macroure 


The roadrunner is 
noted among desert 
birds for its expertise 
in killing snakes. 

It does this by a 
series of quick stabs 
with its long, point- 


ed beak. It rarely 
flies, but is avery 
fast, agile runner. 


‘The bifasciated lark 
has an unusually 


strong bill for dig- 
ging out grubs and 
antlions from the 
sand to supplement 
its monotonous diet 
of seeds. The ground 
jay, so called be- 

use it has become 
almost totally ground: 
based, uses its wings 
only to increase its 
running speed. Its 


~~ 


Bifasciatod lark 
Alaemon 


‘alaudipes 


grey plumage effec: 
tively camouflages 
itin the desert, It 


ests in burrows or 
beneath bushes. The 
cinnamon quail 
thrush can survive 
the most severe 
drought. It seldom 
drinks and gets its 
from 


ating insects, 
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Mountain life 


Mountains make up about five per cent of the 
earth's land mass. The world’s great moun- 
tain ranges are not confined to any one 
latitude but are found in tropical and temp- 
erate regions and in all continents, Specifi 
cally, the world’s major mountain ranges are 
the mountain ridge from Alaska to the 
southern tip of South America which 
includes the Rockies and the Andes; the 
Appalachians of eastern North America; the 
various ranges of the Eurasian land mass. 
including the Alps, Pyrenees, Caucasus and 
Atlas mountains; and the Himalaya range [2 
3] between the Palaearctic and Oriental reg 
ions. In Africa there are several isolated 
mountainous regions in Ethiopia, Kenya and 
Rwanda, Australia has one major range -the 
Great Divide of the eastern coast 


Mountain zones 

The plants and animals of mountains com- 
prise different species according to locality 
but all share adaptations essential to survival 
in this habitat and some of these adaptations 
are very similar to those of plants and animals 
found in polar regions, The range of life on a 


SS] dethrey pine 
\ 4 | Wale bert bine 


x Western white pine 


Ponderosa pine ] 


ont 
508 ome 


1 The Sierra Nevada 
of California is a 

ical example of 
the botanical zon: 
ation typical of 

‘most mountains. 
Shown here in cross: 
section it illus: 

rates the influence 


of rainfall, altitude, 
slope and aspect in 
determining the dis 
tribution of mountain 
vegetation, Although 
the climate is tern: 
perate, deciduous 
trees are replaced by 
semi-desert scrub be: 


mountainside is very wide, for in terms of cli- 
mate a difference in altitude of 70m (200ft) is 
equivalent to 1° of latitude — roughly 110km 
(70 miles), This is due to sharp falls in 
temperature and rises in precipitation up the 
mountainside 

Mountain plants reflect changes of cli- 
mate by showing a definite vertical zonation 
This is modified by the distance from the 
Equator. Mount Kilimanjaro (5,595m 
[19,340ft}), in Africa, shows all the possible 
mountain zones ~ tropical forest, deciduous 
forest and coniferous forest which merges 
into the alpine zone at the tree line. Topping 
the alpine zone are snow and ice. Mountains 
in temperate regions such as the Sierra 
Nevada [1] have no tropical zone while those 
at even higher latitudes, as in the Northern 
Rockies, have no temperate zone. Her 
bivorous animals, from insects to mountain 
goats, show a similar zonation because their 
distribution is limited by food sources, but 
mountain carnivores tend to be more mobile. 

As in all other habitats, the plants and 
animals of mountains are affected by such 
factors as soil, aspect, cover and competition. 


2 Chiru antelope 
Pantholops hodgson 


Altitude 


Altitude 
hundreds 
‘of matres 

36 


63-5 3 


762 cy 


cause of low rainfall 
The western slope 
has a higher rain. 
fall and thus 3 
richer and more var 
ied selection of 
plants than the dry 
easterly slopes 

of the mountain, 


2 Several species of 
large, hoofed ani: 
mals (ungulates) live 
In herds with wide: 
ranging territories 
on the steep slopes 
and high grazing 
areas of the Hima: 
layas and the Hindu 


Bos grunn) 


And because of the harsh environment of the 
higher zones the number of species that are 
able to survive is inevitably limited. 


Plant adaptations 

Plants, as in all ecosystems, are the basis of 
the mountain food chains. Plants of the 
alpine zone [5] are either short, compact and 
Virtually stemless or have supple shoots and 
stems. These adaptations enable them to sur- 
vive strong winds, Many mountain 
plants have extensive root systems to provide 
anchorage against the wind and to increase 
their chances of obtaining water on dry 
slopes. The common alpine cushion plants 
stand only a few centimetres high yet their 
roots may penetrate almost a metre (39in) 
down into the soil. Water conservation within 
alpine plants is enhanced by such adaptations 
as waxy coverings on the leaves and the 
alpine edelweiss (Leontopodium alpinum) 
has leaves covered with hairs whose function 
is to trap heat and reduce loss of water. To 
combat freezing, plants such as the mountain 
crowfoot (Ranunculus glacialis) have a rich 
cell fluid that acts asan antifreeze, The alpine 


Tibetan wild ass 
Equus hemionus kiang 


Nayan 


Bhoral 
Pseudols neyaur 


Kush, Herds of chiru 
antelope roam over 
large areas of scant 
vegetation. Yaks, 
protected by dense, 
matted coats, also sur 
vive in high bleak 
areas where they 
often feed only on 


mosses and lichens. 
The Tibetan wild 
has the greatest 
Vertical range of 
the animals shown 
here. Itcan with- 

stand long periods 
without food and 

water. The Tibetan 


Ovis ammon hodgsoni 
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Shapu 
Ovis orientalis 


Tibetan gazelle 
Provapta piticaudate 


gazelle and the 
bharal, nayan 

and shapu sheep 
are all less well 
‘equipped to endure 
the cold and so live 
in lower regions, 
feeding on the 
grassland plains. 


3 The Himalayan 
alpine zone extends 
near to the summit 
of Mt Everest 8,848m 
(29,0304) high, 
Animals are limited 
in numbers and range 
by availability of food. 
At5,000m (16,500Ht), 
Alpine choughs 
(Pyrrhocorax gracu: 
Jus) |1] eat insects and 
worms. The golden 
eagle (Aquila chry 
saétos) [2] flies far 

in search of carrion 
oF small animals. The 
Tibetan pika (Ocho- 
tona ladacensis) [3], 
feeds on small green 
plants, storing some 
for winter. Stalking, 
rather than waiting 
In ambush, the snow 
leopard (Uncia 

uncia) [4] preys on 
both the Himalayan 
ibex (Capra ibex 
sakeen) (5) 

and bharal sheep 
(Pseudols nayaur\ (6), 
which roam the 
slopes in search 

of small plants. 


soldanella (Soldanella alpina) can even melt 
surrounding snow by releasing heat from the 
breakdown of carbohydrate within its cells, 

In the ulpine zone the summer growing 
season lasts only a few weeks. As a result 
most alpine plants are perennials, The 
cushion pink (Silene acaulis) may take ten 
years to flower, but when it does bloom 
several hundred flowers may appear. This 
low but concentrated reproductive rate prob- 
ably occurs because it takes a very long time 
for the plant to build up sufficient food 
reserves to enable it to flower. Many moun- 
tain plants are self-pollinating, a mechanism 
that ensures fertilization in a situation where 
there are few flying insect pollinators. For the 
same reason wind-pollinated species out- 
number insect-pollinated ones, 


Animal life on mountains 

Many mountain animals tend to stay on high 
slopes and peaks throughout the year but can 
avoid extreme conditions in a number of 
ways. Larger herbivorous animals of the 
alpine zone, such as sheep, goats and 
antelopes — and their attendant carnivores ~ 


4 Purmessius ehuritonivs charitonius 


Bhutan glory 
Armanidia idderdales 


migrate to lower, snow-free slopes in winter, 
returning to the higher regions in spring, 
Marmots (Marmota spp), and to a lesser 
extent ground squirrels (Citellus spp), hiber- 
nate. The marmots gorge themselves. with 
food in the summer and lie dormant in bur- 
rows during the winter, slowly using up their 
stored energy supplies. The European snow 
vole (Microtus nivalis) remains active in 
winter in its underground home, using 
hoarded food. Pikas (Ochotona spp) often 
remain above ground in winter, living on 
dried plant material they have previously 
hidden beneath rocks [8). 

Birds [7] are well adapted to altitude, 
Their dense covering of feathers provides 
excellent insulation. Many insects can tol- 
erate cold conditions above the tree line 
because their body fluids have a low freezing- 
point. The glacier flea (Jsotoma saltans) can 
withstand being frozen solid for short 
periods, while springtails (Collembola) have 
even survived being trapped in ice for several 
years. Most insects of high altitudes, how- 
ever, remain dormant over the winter in hol- 
lows beneath snow-covered rocks [6] 


4 Butterflies are 5 
found at nearly all 
mountain jevels. 
Parnassius charl- 
tonius charltonius 
tives at heights of 
5,000m (17,000ft) in 


Alpine Wy 


the Himalayas. Most 
mountain butterflies 
darker than 


related lowland 
species, which allows 
them to absorb the 
‘maximum of heat and 
protects them fram 
the sun's ultra- 

violet rays. Among 
common species of 
the mountain regions 
of Turkestan, Tibet, 


Mongolia and the 
Himalayas are Baltia 

shawiiand Arman- —_§ Mountain plants 
dia lidderdale, are most often 
Like most mountain short, supple and 


insects they tly 
close to the ground 

to avoid high winds, 
They feed on nectar 
obtained from orchids 
and other flowering 
alpine plants. 


compact with leaves: 
and petals that show 


windy conditions. 
ipine lily 
isa perennial plant 


6 The insects and 
other arthropods of 
the high Himalayas 
are usually confined 
to three locations. 
Hollows under rocks 
shelter attid spiders 
11], psuedoscorpions 
[2], carabid beetles 
[3] and millipedes 
(Diplopoda) [4] 
Springtails (Collemb- 


Key 


Mountains closeto but the altitudes 
each other, such as at which individual 

the Tatra and more zones occur may vary, 

‘southerly Bucegi This variation is v 
‘mountains of cen aretiection of 

tral Europe, ha differences in 

similar vegetation, climatic conditions. 


Tatra Mountains |A) Height Bucegi Mountains (8) 


J £6 Mountain ovens 
Dryas octopetsla™. 


= 
iS 


1, 


and is among the 
tallest of ail alpine 
species, But it ha: 
anextremely s1 
‘stern and thus can 
bend in the wind. TI 
well-known edelw 


saxifrage are 
both very sm: 
lying perennial plants, 
and are particularly 
common in northern 
Europe. The stem- 
Jess thistle is found 


has large, 
thin and flat leaves 
to absorb a maximum 


shows another adap- amount of radiant in rocky places of 
tation to mountai energy. The mountain mountain regions 
life. The whole plant avens and alpine in western Europe. 
7 Snow finch 7 The snow finch, 
Momitringille nivalis (Montifringilla nivalis), 


is commonly found 
in mountainous parts 
of Eurasia. It lives 

at heights of up to 
4,500m (15,000ft) and 
feeds on insects and 
the seeds of var- 

ious alpine plants, 


a 8 The Asian pike 
(Ochotona ladacen- 
—_ sis) occupies a habitat 


5,400m (18,000ft) up 

inthe Himalayas. Its 

‘small, round body and 

short, stubby 
adaptations 

to reduce heat loss. 


ola) [5] and mites 
(Acarina) [6] live 

‘on rock surfaces, 
Beside mettwater 
streams stoneflies 
(Plecoptera) {7] 

and mayflies (Ephem- 
eroptera) (8) 

are found. Many live 
on seeds and pollen 
deposited on the 
mountain by wind. 


<— 


8 Asian pike 
Ochotona ladaconsis 
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Polar regions 


The northern and southern polar regions of 
the earth [Key] share the same hostile 
characteristic of intense cold, In almost every 
other way they are different, The Arctic is 
almost entirely frozen ocean surrounded, for 
the most part, by land. The Antarctic, on the 
other hand, is a land mass pressed down 
beneath a great raft of ice, a lost continent 
that at one time, before the continents drifted 
apart, was much warmer 


‘The polar climate 
The common feature of both regions - their 
coldness — stems from their positions where 
the earth's axis passes through its surface. 
When one pole is tilted briefly forts summer 
towards the sun, the other is tilted away into 
an endless night. They are cold because they 
receive their sunlight more obliquely than 
any other part of the world, for received heat 
is proportional to the angle at which the sun's 
rays strike the surface. Finally the cold is 
intensified because the ice acts as a mirror 
that reflects solar energy back into space. 

The contrast between the polar regions is 
most marked in the forms of life that each 


1 Two carnivorous 
predators, the polar 
bear (Thalarctos 
‘maritimus) (1) and the 
Arctic fox (Alopex 
/agopus) |2), head fox feeds mainly on 
the food chain of the carrion left be: 


benus rosmarus)|4), 
although it may itself 
fall prey to the 

le (Orcinus 


the ice cap surround- hind by the polar bear. 
ing the North Pole. Seals feed on abun- 
The polar bear feeds dant fish and squid 


chiefly on the seals 
of the species Pusa 
hispida (3) and the 
young walruses | Odo 
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while the walrus 
grubs on the ocean bot: 
tom for molluses and 
crustaceans. In the 


supports. The Arctic numbers among its 
inhabitants one of the largest and most pow- 
erful of predators, the polar bear (Thalarctos 
‘maritimus) {1}. The Antarctic boasts as its 
only true terrestrial animals a handful (63 
species) of insects, the largest of which is an 
unusual species of wingless mosquito. 


Ruthless trackers and ocean giants 

The polar bear has adapted perfectly to its 
life in the Arctic, the frozen ocean. It is able 
to spend most of its life in water, insulated 
from the cold by thick, greasy fur. A solitary 
animal, the polar bear patrols the ice in 
search of its prey, particularly the ringed seal 
(Pusa hispida) [1]. When the seal’s head 
appears through a breathing hole in the ice 
the bear stuns it with a single blow from its 
powerful front leg. During the harshest of the 
winter months pregnant female bears hole up 
in ice caves beneath the surface [2]. The 
young are born in March or April, usually 
two at a time. The family leaves its den within 
the next two months ~ once the sun has 
become warm enough and for the next two 
years the cubs learn how to hunt 


2 As the winter 
‘approaches all 
pregnant female 
polar bears, most 
other females and 
some adult males 
seek out a rock or ice 
den and spend the 
cold months in sleep 
Hore, too, the young 
are born — usually 
two cubs which 
remain with their 
mother for two years. 


early spring young 
seals.and polar 


neath the snow. The 
polar bear is pro- 
tected from the cold 
by a thick fur coat 


that traps a layer 
of insulating air. 

In contrast the seal 

is insulated by a 

layor of subeu 
taneous fat or blubber 


The polar bear is hunted for its meat by 
the Eskimo. The only other mammal that 
tracks it closely is the Arctic fox (Alopex 
lagopus) {1]. In lean times the fox will even 
live off the bear's droppings. 

The sub-polar waters round the edges of 
the permanent Arctic ice are covered only by 
broken pack ice during the summer and these 
nutrient-rich waters support hosts of seals, 
including the ribbon seal (Histriophoca fas- 
ciata), the hooded seal (Cystophora cristata) 
[6] and the watrus (Odobenus rosmarus) (1), 
hunted by the Eskimo for its meat and for its 
valuable ivory tusks. 

‘The marine mammals of both north and 
south include the remnants of once huge 
populations of whales, reduced to a fraction 
of their former numbers by over-hunting 
Among them are the blue whale (Sibbaldus 
musculus) at a weight of around 135 tonnes, 
the largest living mammal ~ which feeds by 
straining the abundant pastures of plankton 
and small crustaceans through a horny sieve 
that hangs at the back of its mouth. 

One of the most fascinating creatures of 
the Arctic waters is the narwhale (Monodon 


Entrance tunnel 
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See also 


‘monoceros), the unicorn of the sea, which has 
a long single tusk. The narwhale feeds mainly 
on squids and is an amiable animal, often 
using its tusk as a sword for “fencing 
matches with its fellows, 

Considerable areas of North America and 
Eurasia fall within the Arctic Circle. These 
are the bleak, treeless tundra lands that sup 
port only grasses, mosses and lichens. During 
the summer they are visited by wandering 
herds of caribou (the reindeer of Europe) 
and swarms of insects breed in the meltwater 
pools. s and the fresh, transient 
vegetation attract millions of migrant birds to 
feed, away from the crowded temperate reg- 
ions. Of the 100 or more birds that breed in 
the tundra all but five or six are migrants. 


The inse 


The Antarctic seals 
Summer and winter, the great mass of the 
Antarctic is lifeless, containing as it does 90 
per cent of the world’s ice. Only on its fringes 
is life to be found in the form of huge colonies 
of penguins and seals. 

The four species of 
Antarctic waters are home 


seal for whom 
re the southern 


3 The gyrfalcon lives 
throughout the Arctic 
regions taking birds 
after a chase on the 
wing instead of stri 
king from above like 
the peregrine falcon. 


3 Gyrtalcon 
Falco vusticolus 


6 Hooded seal 


Cystophora cristata pA id shane 


inflates during the 
breeding season to 
intimidate his rivals 
and = paradoxically 
to attract females. 


8 The Ross seal js 
one of the rarest 
of seal species and 
is located on the 
fringes of the 
Antaretic ice pack. 


most mammals in the world: the Weddell seal 
(Leptonychotes weddelli) [9], the crabeater 
seal (Lobodon carcinophagus), the Ross seal 
(Ommatophoca rossi) [8] and the leopard seal 
(Hydrurga leptonyx) {10} 

Each has its own particular life-style; the 
Weddell seal always remains inshore while 
the others range far out to sea. The crabeater 
seal earns its name from its feeding habits; it 
gulps in large quantities of water and squirts 
this out through fan-like teeth that form a 
fine mesh at the gum margins, to sieve out the 
small crustaceans. The leopard seal is a vi 
ious predator, cruising the edges of the ice 
pack in pursuit of its favourite dish, the 
Adélie penguin (Pygoscelis adeliae). The 
leopard seal preys also on the pups of other 
seal species, on squids and on fish 

The Adélie is the most common of the 
Antarctic penguins, of which there 
species; the largest is the emperor (Apteno- 
dytes forsteri) [5] which stands about im 
(39in) high. Other birds are well represented, 
including the skua (Catharacta skua), which 
Preys on penguin eggs and chicks. The skuas 
range in size from 44—S6cm (18-23in). 


hi” 


are five 


Glaucous gull 
Larus hyperboreus 


4 A greedy predator 
like some other 

gulls ~ the glaucous, 
gull nests on Arctic 
and North Atlantic 
cliffs and islands. It 
takes a wide variety 
of prey ranging from 
small mammals to the 
eggs of other birds. 


6 The grotesque nose 7 Banded seal 


Histrlophoce texcista 


7 The banded 
found exclusively 
in the Arctic waters, 
of the Pacific south 
and west of the 
Bering Strait, is 
one of the smallest 
of seal species. 


8 Ross seal Ommatophocs rossi 


10 Leopard 
Hydrurga leptonyx 


9 The southernmost 
mammal, the Weddell 
seal, chews breath 
ing holes in the 

ice when the sea 

is frozen over. 


5 Largest of the pen- 
guins, the emperor 
breeds on the ice 
packs and small 
islands around the 
coastline of the 
Antarctic continent. 
The female lays a 
single egg which is 
then passed to the 
care of the malo, 
who carries it on 
his feet for the 


two-month incubation 


period. The female 
Spends this time at 
sea but returns for 


hatching and brooding 


The emaciated male 
now returns to the 
sea to feed greedily 


10 The hunter of the 
southern oceans is 

the leopard seal, This 
solitary animal hunt 


along the edge of the 
pack ice in search of 
Its favourite prey — 


5 


Emperor 
penguin 
Aptenodytes 
forsteri 


the Adélie penguin, 
This continual per: 
secution produces one 
of the sights of 
Antarctica —the re: 
huctance of individual 
Adélies to enter the 


At the ends of the 
earth are, to the north 
the frozen ocean and 
marginal tundra 

of the Arctic [A] 
tothe south, the 

lost continent of 
Antarctica beneath 
its blanket of ice 

BI. In neither 

region does the 
temperature ever rise 
much above 10°C 
(50°F). At one time, 
however, the Ant 
arctic enjoyed a 
subtropical cli 

mate, but continent: 
al drift took it to 

its present position, 
This separation and 
the savagery of its 
climate have exclud: 
ed purely terrestrial 
mammals, in contrast 
with the Arctic, 

which supports a 
surprisingly diverse 
fauna despite the 
harshness of an icy, 
almost suniess en: 
vironment. Even man 
survives there. 


ik 


water (the time when 
they are most vuiner 
able to attack), The 
leopard seal varies 
its diet with squid, 
fish and the pups of 
other seals. 


Adélie penguin 


Pygoscelis adelioe 


Life on the tundra 


The great ice sheets that covered much of 
North America and Eurasia in geologically 
recent times have now retreated to the far 
north and the high mountains. Round their 
fringes, however, there remains a vast cold 
region known as “the barren grounds” in 
North America and the tundra (from the Fin- 
nish for a treeless plain) in the Old World. 
Despite their different names, the two arcas 
are similar and have about 75 per cent of 
plant and animal species in common. The 
area occupied by the tundra lies between 60° 
and 70°N latitude and begins roughly where 
the average temperature of the warmest 
month reaches 10°C (50°F). Temperature is 
one of the limiting factors for tree growth. 


Harsh climatic conditions 
Within the tundra, darkness and cold are the 
two factors that act as the principal controls 
‘on life, At the Arctic Circle the sun does not 
rise above the horizon at the winter solstice, 
and north of the circle the darkness is more 
prolonged. Over much of the tundra there is 
no sunlight for several months of the year. 
This is compensated for, to some extent, by 


1 The vegetation of = 1 
the tundra is almost 
all prostrate. A. 
dwarf birch that 
grows up to 1m 
(39in) high is 
exceptional. Usually 
this plant is much 


dwarf willows, even 

when they are mature 

“trees”. Beneath 

birch and willow is 

a rich growth of mos- 
and lichens which 

form the equivalent 


This small plant may 
Spread over the 
ground for many hee- 
tares, but is a poor 
reminder of the great 
scale trees of the 

past to which it is 
closely related. The 
wood cranesbill is 

one of the brilliant 
summer flowers of the 
tundra. Purple saxi- 

0 found 
southern 


memorates the great 
‘Swedish botanist 
Carl Linnaeus, who 
made a journey tothe 
tundra of Finland, 


Purple saxifrage 


wart willow 
Salix herbaces Un 


Dwarf birch 
Botula nana 


the continuous daylight of summer, but the 
plants and animals cram much of their 
activity into this short period of light. 

The cold is equally important and part of 
the geological inheritance. The subsoil is tot- 
ally frozen, a condition known as “perma- 
frost” [Key]. It is at least 610m (2,000ft) 
deep in Greenland and may be deeper in 
other places. Only the surface soil thaws in 
the summer. This is known as the active zone 
and may be as deep as 3m (10ft), or as 
shallow as 7.6cm (3in), but in either case it 
supports all life in the area, both plant and 
animal. Yet the soil in itis likely to be water- 
logged because water cannot drain through 
the frozen zone, The frequent freezing and 
thawing causes the soil to rise in small “blis- 
ters, and stones collect in the hollows bet- 
ween them, The resulting formations are 
known as polygons and stone rings. Such 
precipitation as there is almost all falls as 
snow, equivalent to at most 50.8em (20in) of 
rainfall a year. 

There are some high mountains in the 
tundra, but mostly the land is low-lying, 
dotted with little lakes and pools and criss- 


Twinflower 
‘borealis 


Wood eranesbill 
Geranium sylveticum 


Club-moss 
Lycopodium sp 


3 Musk oxen (Ovibos 
‘moschatus) are the 
largest animal 

found in northern Can- 
ada and Greenland. 
They have disappear- 
ed from the Old 

World, which they in- 
habited in the Ice 

‘Age. Their extreme- 

ly thick coats protect 
them from cold, but 
they become exhaust- 
ed if they have to 
cross thick snow In 
search of food. If 
threatened, the herd 
bunches together, pre- 
senting lowered heads 
and heavy horns to 
the attacker — provi 
ding a good defence 


crossed by small meandering rivers. In the 
“low arctic” of the southern tundra, plant 
cover may be complete; farther north in the 
“high arctic” strong winds may sweep away 
the scanty soil and rooted plants become 
restricted to crevices and sheltered places. 
Lichens may be the only plants visible 


Tundra food chains 
The larger plants of the tundra are mostly 
woody, forming knee-high forests of birch 
and willow, with mature trees often only a 
few inches high [1]. Many members of the 
heather family are present. Most of these are 
berry-bearers and form an important part of 
the diet of many tundra animals - even the 
polar bear will gorge itself on cranberries in 
the autumn. The woody plants are 
augmented and often overgrown by her- 
baceous plants, which in the summer provide 
a brief blaze of colour, dying as winter nears. 
‘The animal life of the tundra is surpris- 
ingly rich for an environment that seems so 
inhospitable. Large animals include the musk 
ox [3] and in the summer the reindeer 
(caribou in North America). ‘Among smaller 


2 Most tundra in- 
‘sects spend their 
tarval lives in the 
ephemeral pools of 
the summer and can 
survive the winter 

in moist conditions 
under the ice. 

Many feed on bird 
and mammal blood. 


splendens 


Coddintly 
Apatania rovslle 


Agrion splendens nymph 


Apatania zouells larva 


4 Arctic fox 


Alopex lagopus 


he 3 a 
o 
———— 


time, and the brown 
form which changes 
to white in the 
winter, The popu 
lation fluctuates. 
with the ay 


4 The arctic fox is 

a circumpolar tundra: 
resident. It exists 

in two forms: the 
blue form which is 
smokey grey all the 


Mosquito 
Aedes impiger 
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of food, following 
the rise and fall 

of lemming numbers. 
Manis the fox's 
chief enemy: he kills 
itfor its thick coat 


predators are wolves, arctic foxes (4] and 
wolverines, which feed mainly on the arctic 
ground squirrel, voles and the lemmings. 
These mammals are adapted to the cold with 
thick, warm fur and, under the skin, a heavy 
layer of fat. The danger of frostbite to their 
extremities is reduced by their compact shape 
and their short faces, ears and tails 


Migratory birds 

Few birds are resident in the tundra, but 
every year, drawn by the migratory urge, 
millions of ducks, geese and waders [5], 
among others, travel to the far north to nest 
and feed. This is the time of plenty for the 
arctic fox, which haunts the bird colonies, 
taking what it can of weak or injured chicks. 
Those that it cannot eat it hides and some of 
these caches remain, frozen, as supplies for 
the winter. The basis for much of the bird life 
on land is the abundance of insects, including 
mosquitoes and other biting flies [2] 

The sea is as rich as the land is poor and 
the summer flush of plankton supports a huge 
web of life, including seals, whales and sea 
birds [6] most of which migrate to the far 


5 Small waders, such 
88 duniin, turnstone 
and knot, migrate 
north each spring to 
nost in the tundra, 


Like them, long: 
tailed duck and brent 
geese return south to 
feed on mudflats and 
‘estuaries once their 


5 Dunlin Calieris alpine 


Knot 
Colidrs canutus 


6 Both skuas and 


diver feeds on fish. 
Th 


and lemmings or fishy 


north to feed on the abundance of the waters. 
For a short time the temperature rises and 
activity and life abound. By August, how- 
ever, the hours of daylight have become 
noticeably shorter, the temperature drops 
and the first sleet heralds the winter. Insects 
dic, leaving their eggs and larvae to winter 
beneath the ice covering the pools or in the 
shelter of snow-covered vegetation. The 
birds, their reproductive mission complete, 
fly southwards in great flocks to spend the 
winter months in temperate and subtropical 
areas. Reindeer and caribou, followed by the 
wolves, migrate south, leaving only the musk 
oxen and the hardy arctic fox. 

Yet even in summer the tundra, for all its 
apparent abundance, is an area where species 
are few but populations are large, and where 
the delicate balance of predators and prey is 
easily upset. Wildlife populations, often 
made up of prey such as small mammals, may 
fluctuate wildly between superabundance 
and paucity. The lemmings [8] are the best 
known of the animals that undergo this 
population swing, but they are by no means 
the only species to do so 


families are reared, 
The snowy owl is a 
resident but moves 
slightly south in the 
hardest of weather, 


Long-tailed duck 


fons breed on the 
tundra but they 
migrate to the oceans 
in winter. The arctic 
loon or black-throated 
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parasitic jaeger 


itstealsfrom gulls. Stercovarius parasiticus 


Brent goose 
Branca bernicle 


Key 
A Summer 


‘The ground surface 
of the tundra thaws 
in summer but stays 


waterlogged as the 
permafrost impedes 
drainage (A). in win 


ter it freezes, but 
small mammals [8] 
survive in burrows. 


Snowy owl 


> ‘seondiace 
ii 
~ 


of abundance [A]. A 
‘small population can, 
under favourable con. 
ditions, build up to 

t numbers. These 
attract predators, but 
lemmings continue to 


ne 


7 The herbivorous pomarine skua [8), multiply and deplete 
Ptarmigan |1|,lem- __stoat [9], arctic fox their food source 
ming [2] and arctic [10], wolverine [11] Popularly supposed to 
hare [3] are the and wolf [12]. Be- commit mass suicide, 
principal prey cause the predators many lemmings die 


of a range of 
dators, such 


tend to be nomadic, 


through attempting 
© wandering from poor 


to migrate. They may 


gyr and peregrine areastoricherones, drown while crossing 
falcons [4,5], short- _there is not much rivers or when they 
eared ow! |6],rough- danger of their Atew 
legged buzzard [7], food becoming scarce. restart the 


Yearly lemming 
activity (B) is above 
and below the snow. 


September October November 


Life on islands 


Oceanic istands produced by the eruption of 
undersea volcanoes are, for some time after- 
wards, unsuitable for any kind of life. 
Eventually, however, the lava cools and the 
area begins to become habitable, Chance is 
an important factor in colonization, but some 
organisms will manage to reach the land 
[Key] and in time even the most remote 
islands will become populated. 

Certain kinds of vegetation and animals 
are adapted to travel to islands by air or sea 
[1]. Some plants produce numerous spores or 
very light airborne seeds, such as those of the 
daisy family (Compositae) that stand a better 
chance of making a sea crossing than do the 
large, heavy fruits of forest trees. Some plants 
have seeds that may be carried by birds, 
either hooked to their plumage or in mud on 
their feet, In a few cases seeds are carried in a 
bird’s digestive system but the speed at which 
birds digest their food limits the chances of 
the seeds surviving long journeys. Some 
plants, notably the “coco de mer”, the rare 
Seychelles double coconut, have well- 
protected floating seeds adapted to be spread 
by the sea, But it is doubtful whether most 
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Olearie megulophylla 


Bat 
Hipposideros op 


Monitor lizard 
Varanus 9p 


3 Tropical rivers 
in flood will some- 
times sweep down- 


animals. But each 
day farther out 
from land these 
creatures become 
fewer. First to go 
are the bigger 
mammals, such as 
the monkeys, which 
may have been cling. 
ing to the branche: 
‘and cannot survive 
the reduced size of 


creepers tangled 
together into 

rafts of vogetation, 
As these floating 
islands reach the 
sea they are still 
the home of many 


326 


seeds can survive immersion for more than a 
few weeks. 

Among the animals, many tiny creatures 
are carried in the upper air currents. Aphids 
and minute spiders form a large part of this 
“aerial plankton”. Most die before they are 
dropped but a few survive to fall on to dry 
land and colonize new areas. At lower 
altitudes large insects and birds whirled along 
by a storm may make landfalls thousands of 
miles from their starting-points. 


The successful colonies 

Water travel is more difficult for land- 
dwelling animals, Gigantic rafts of vegetation 
[3], which are sometimes swept down to the 
sea by tropical rivers in flood, can become 
floating islands able to carry a number of 
small, tree-living animals to a distant landfall, 
The most successful colonists, however, arc 
the reptiles, and the fauna of most tropical 
islands includes lizards and tortoises. Inside 
the timbers of a vegetation raft the grubs of 
beetles and other insects continue to gnaw 
their way, unaware of their changed circum- 
stances. They may hatch out far from the 


They include 
ber of medium. 
birds such as the swift, 
since smaller ones 
are unlikely to sur- 
vive the journey and 
big ones are not so 
easily blown off their 
course. The birds. 
may carry fruits 
like those of Bidens 
hooked in their 
plumage. Tiny 
insects, such as 
aphids, might be 

by 


with plumed fruits 
of plants such 
Olearia, Lizards 
can survive long 
distance sea travel 
jetation rafts, 
can rats, 
nd other small 
animals. Bats, too, 
i make short sea 
journeys and even 
survive long ones, 


weir habitat and 

the cooler sea tem- 
perature. The rep: 

tiles and some insects, 
which have lower 
‘metabolic rates and 
are relatively inac- 
tive, can last longer 
‘ond perhaps make a 


4 The lacewings 
that have reached 


ds 
great 


successful landfall changes to adapt 
ina place where ‘them to life wher 
they can survive, flight can mean de- 


place where the eggs were laid. The beetle connections 
fauna of many islands consists largely Of sey aise 
wood-boring forms Intaton and 


tele to 


Once ashore on an oceanic island a 
degree of luck must be present to ensure sur- 
vival. An animal arriving on a barren island 
will soon die from lack of food or water. But 
should the basic needs of life be available the 
new arrivals may find themselves in an open 
environment in which the ecological niches 
remain unfilled, The adaptability inherent in 
every living organism enables the newcomers 
to occupy some part of the available living 
space. In many instances [8] the descendants 
of a single species have diverged widely to 
form several new and different species 
adapted to the conditions on an island. 

Certain trends can be seen among animals 
and plants on islands. One is increase in size 
for, in general, the lack of competition allows 
larger organisms to take what food is avail- 
able. If predators are rare the need to be 
small or swift for protection will disappear 
Giant forms, particularly of reptiles, can be 
found on tropical islands. Birds and insects 
are often markedly larger than their anc 
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Phyllocladus hypophylia 


Drimys winter 


from land are of 
continental origin. 
Their rocks, plants 
and animals proclaim 
this, for the same 
species may also be 
found on major iand 
masses. The plants 
illustrated grow in 


New Guinea. Their 
seeds cannot survive 
in seawater nor are 


they adapted for 
transport by anim: 
‘or the wind. 


‘Micromus drepanoides Micromus halackaloe 
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‘Micromus vagus Micromus lobiponnis 


struction by being angular corners, thus 


teduced hindwings 


blown outto sea. making flight almost have forewings that 
Insome species, such impossible. In other _are studded with 

a8 Micromus drepan- forms the hindwings _thickened areas that 
vides and M. vagus, _are almost totally increase their weight 


absent (M. lobipennis) 
Some species with 


wings have become 
large and heavy, with 


and hamper flight, as 
in M. halaokalae. 


tors, and plants may evolve from herbaceous 
types into tree-like forms 

Islands are windy places and organisms 
that have been blown there may well be 
blown off again. Successful colonizers often 
lose their power of flight and many species of 
flightless birds [5] are known in remote 
places. Flightlessness and large size are often 
combined and giant flightless birds, such as 
the extinct elephant birds of Madagascar, and 
outsize flightless insects, such as the lace- 
wings of Hawaii [4], inhabit remote islands. 
Among plants, the fruits may become heavier 
and less likely to drift out to sea again 


The chance to survive 
Although large animals cannot reach distant 
islands they are sometimes cut off from the 
main population by changes in sea-level 
When this happens the opposite kinds of 
changes occur to those found in birds on 
remote islands. Large mammals make heavy 
demands on their environment and because 
islands tend to be restricted in size the smaller 
creatures, whose needs are simpler, stand the 
best chance of survival. Examples of this can 
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be seen on many continental islands. The 
race of sika deer (Cervus nippon) found in 
Japan, for example, are smaller than the 
mainland forms. An extreme case is that of 
elephants and hippopotamuses isolated on 
Mediterranean islands some two million 
years ago, during the Pleistocene, by rising 
sea-levels. Fossil evidence shows that these 
creatures developed into miniature forms as 
small as Shetland ponies. 


‘The arrival of man 

Plants and animals of remote islands often 
survived in a very delicate ecological balance 
until the arrival of man. To humans, the 
large, slow creatures meant little more than a 
convenient food supply and in many cases [6] 
they were virtually wiped out soon after their 
discovery. The lack of natural enemies often 
led the animals to be so trusting that their 
destruction was the more certain. The 
introduction of domestic animals, especially 
Pigs and goats, has in many cases also caused 
the destruction of the unique flora of some 
islands, as well as bringing the native animals 
to the point of extinction, 


‘5 The flightless 
Galapagos cormorant, 
like other island 

birds, dives for 

food near the shore 
and after hunting 
spreads its non 
functional wings out 
to dry, just as its 
flying relatives do. 


6 Dodo 
Rophus cuculletus 


8 The honey-creep- 
ers of the Hawaiian 
islands probably 
have as ancestors 

a species of tanager 
(a widespread Amer. 
ican bird family) 
that used, long ago, 
to migrate the 

Their beak shapes 
show that some feed 
on nectar, others on 
insects or seeds, 
Among them they 
fill a variety of 
ecological niches, 


Mout parrorbill 
Pseudonestor xanthophrys 
9 The plumed fruits 
of dandetion-like 
plants (family Com- 
positae) are carried 
long distances by 

the wind. On remote 
islands they often 
develop into tree- 

like plants adapted 

to extremos of climate 
oF other conditions. 
Dubautia spp and 
Argyroxiphium spp of 
Hawaii and Scalesia 
‘spp of the Galapagos 
are all woody and 
tree-like in form, 
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An island rising island stands in belt, storms may 
fromthe ocean bed, —_the path of reg bring larger in- 
far from any land, ular strong winds, sects and birds 
can becolonized by such as the trade that have been 


plants and animals in 
only a limited number 


winds [1], spores 
and lightweight 


blown off course, 
while sea currents 


of ways. Those seeds and tiny ani [2] may deposit vege- 
that do reach it mals maybe blown _ tation carrying 
arrive largely by there. If it ies seeds and also 


accident. If the within a hurricane small creatures. 
7 7 The tuatara is 
rare “living fossil 
surviving in the 
security of a few 
small islands off 
the coast of New 
Zealand, At one 
time its relatives: 
were abundant over 
much of the world, 


Tustara 
Sphenodon punctatus 


6 The dodo, now ex. 
tinct, lived securely on 
Mauritius. When 
predators arrived it 
succumbed helplessly. 


2 Scalesin incisa 


Dubautis plantagines 


Scolesia pedunculata Argyroxiphium virescens 
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Lakes and rivers 


The overwhelming mass of the world’s water 
is oceanic, its freshwater lakes and rivers 
covering a minute area by comparison. How- 
ever, fresh waters provide a wide variety of 
habitats and these are occupied by a diverse 
selection of specialized plants and animals. 
For the purposes of plant and animal study 
rivers are divided into “reaches”, each 
characterized by a dominant fish species. The 
classification is based on European rivers but 
can be adapted to suit rivers anywhere. 


The reaches of a river 

The typical river begins high in the mountains 
as a small stream, with occasional sharp falls, 
trickling over rocks. This is referred to as the 
upper cascade reach, an area of cold, clear 
and pure water with few inhabitants although 
some insects, and the bullhead (Cottus gobio), 
may be present. Downstream, where the 
water is still clear and cold and the slope still 
steep, an amalgamation of small torrents 
forms the trout reach. There is a sharp 
increase in the number of fish species, many 
of them using the pebbles that accumulate in 
sheltered spots for their breeding places. 


1 No part of the liv- 
ing space provided by 
a pond is neglected. 
Plants root in the 
muddy bottom or 
float on the surface. 
Some animals, such 
a8 Tubifex worms or 
midge larvae, bury 
themselves in the 

silt but most are 
more active, gliding 
over the mud like the 
planarians, undul 
ing through the wi 
like the leech or 
jogging upwards like 
th fleas. The 


newts and fish, which 
are inturn eaten by 
birds such as herons. 
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Salmon will penetrate upstream to the lower 
part of the trout reach, but they thrive much 
better in larger rivers with deeper, pebbly 
areas, These are found in the grayling reach, 
often called the minnow reach in Britain. 

In the grayling reach the well-oxygenated 
water still flows rapidly but it is deeper and 
More suited to the salmon. The turbulence of 
the water prevents many plants from rooting 
at the edge of the stream but the high oxygen 
content encourages a wealth of small animals 
such as crustaceans, worms, insects and their 
larvae. The grayling reach is followed by the 
barbel reach, The slope of the river is easing, 
the flow less headlong, but itis still cool, clear 
and well oxygenated. 

The last reach before the estuary is the 
bream reach, which winds slowly across a flat 
landscape. The water is warm and murky 
with suspended silt. The oxygen level is lower 
but it may be augmented in the summer by 
the many plants growing in what is often 
biologically the richest part of the river sup- 
porting a wide variety of fish and other forms 
of animal life. 

The last stage of the river's life is the 


estuary where salt water from the ocean 
contaminates and changes its character. 
Estuarine waters are a unique environment 
in their own right and are not strictly part of 
the river, which shares them with the sea. 
Some riverine species ~ the pike and perch 
among them ~ may occur in several reaches 
but most are restricted to the section that is 
their native habitat. 


Life in lakes and ponds 

A lake may be part of a river, orits birthplace, 
and ponds may speckle the valleys and plains 
through which the river passes, The differ- 
ence between a lake and a pond is based on 
the depth of the water. Area alone does not 
turn a pond into a lake although a large pond 
is sometimes given the nominal status of one. 
In a pond rooted plants may grow from any 
part of its silty bed because its water is 
uniformly warm and poorly oxygenated in 
summer. On the edge of the lake conditions 
may be pond-like but beyond, where the 
lake’s bed may fall to great depths, no rooted 
plants can grow. The water is cold and dark 
even in midsummer and separated from the 
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Phoxinis phoxinus 
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33 Mallard 
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upper water — warm and containing life forms 

by a thermocline or region of abrupt 
temperature change. There is some mixing of 
the two water zones during winter storms but 


in summer the two water bodies exist sepa 
rately in the same basin. 
Plant life in lakes and rivers includes some 


planktonic floating organisms ~ richer in 
lakes and ponds than in rivers, where they 
would be swept away by the current. In the 
still waters of the pond larger plants such as 
frogbit and bladderwort are rootless, but 
most are attached to some kind of firm sub- 
strate, Occasionally they grow up through 
several feet of water - the water-lily is one 
such plant. A common feature of stream 
plants is the possession of dissected under 
water leaves that reduce the drag of the 
flowing water, plus broad-surface leaves that 
catch the sunlight and thus effect photosyn 
thesis. In their protected environment most 


water plants have tissues that are unable 10 
support themselves in air yet have great 
power to resist the relentless tug of the water 


Ponds, lakes and rivers are stocked with a 
rich animal life wherever the worst effects of 


4 In lower reaches, 
dense growth such as 
Canadian pondweed — 
introduced into Eur 
ope where it choked 
many watercourses 
like a form of 

natural pollution 
tangles with Potamo: 
geton and amphibious 
bistort. In the silt bed 
Tubifex worms and 


some midge larvae 
are buried. Their 

red haemoglobin 
enables them to use 
what little oxygen 
the water contains 
at this level. A few 
freshwater dwellers 
are filter feeders, 

like the swan mussel 
and the small rela: 
ted pea mussel 


Block, ty larva 
Simuthum sp. 


Maytly nymph 


Rhithrogona semicotorate 


man’s presence have not polluted the water 
and reduced it to lifelessness. Lakes are often 
large enough to support a fish population of 
such numbers that a commercial fishing 
industry can also be maintained. And most 
ponds, however small, have enough fish to 
attract a crowd of young anglers. 


Amphibians, birds and mammals 

Apart from the species that visit fresh water 
to drink, lakes and ponds are also inhabited 
by creatures of two worlds, the amphibians 
who spawn in the waters and whose tadpoles 
Jead an aquatic life until they metamorphose. 
Even afterwards they must remain in orclose 
to a moist environment to prevent drying out 
Many birds, some of them adapted for swim- 
ming by having webbed feet and dense 
feathers naturally waterproofed with oil, 
form part of the freshwater populations, as 
do many mammals. Some of these, such as 
the muskrat and the coypu, are herbivorous 
others, such as the mink and the otter, are 
carnivores. Every major phylum except 
echinoderms (starfish and sea-urchins) is 
represented among freshwater invertebrates 


2 In the upper cas- 
cade reach the rush 
of a mountain torrent 
‘s usually unbearable 
for most animals. The 
few inhabitants spend 
only their immature 
phases here. Some 
caddis larvae attach 
themselves to boul: 
ders by silk webs 


to avoid being 
‘swept away, while 
black fly larvae hang 
‘on with hooks at the 
rear end. Some may: 
fly larvae are stream: 
lined swimmers; those 
with flattened forms 
cling firmly to 

large stones and let 
the water flow past. 
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Many more are plant 
feeders like the rams- 
horn snail that 
glides over planta: 
Caddis larvae, of 
different species to 
those of fast streams, 
protect their bodies 
with cases made of 
sand grains or vege: 
table debris, some 
neatly, some ina 


higgledy-piggledy 
manner. Deep-bodied, 
slow-moving fish such 
‘8 roach and bream 
are found here, mak- 
ing a rich living 

off the wide range 

of plants and ani 
mals in the habitat. 

In turn, they are 
preyed on by the 
fierce, lurking pike, 


Enorgyfrom. 
the sun 


Energy released 
trom decomposition 


cua Se 


A river, pond or take 
is a largely selt- 


5 Pond dwoltors 
endure greater 
changes of living 
conditions than 
those of any habi: 
tat other than 

the sea-shore, The 
contrast for them 
is most marked in 
winter when silt 


contained microcasm 
taking energy from 


surface freezes 
over, At this time 


frogs, fish and 
other animals 
retire to hibernat 
inthe muddy bed 
of the pond, but 
those that remain 
active rarely 


Water flea eggs 
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the sun and miner. 
als from the land. 


3 Some animals can 
survive even in the 
hot springs that bub- 


bie up from the 
earth in areas of 
volcanic activity. To 


the heat is added a 
high mineral content 
but the conditions do 
Rot seem to discomfit 
8 New Zealand water 
snail (Lymnaea 
tomentosa) |2} and a 
damsel fly nymph of 
the genus /schnura 
[3] which occur in 
water up to 36°C 
(95°F), A bootie 
(Laccobius sp) [4], 
some rotifers (1] and 
the carp (Cyprinus 
carpio) (51 can stand 
‘even higher tempera: 
tures and a nematode 
(Tylocephalus sp} 

[6] has been recorded 
in water up to 80°C 
(176°F). This is the 
limit of life: above it, 
protein coagulates: 
and organisms no 
longer survive, 


sutfer from an 
oxygen deficiency. 
As the ice forms 

an air bubble is 
trapped underneath 
it and from thi 
sufficient gas di 


tures living there, 
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Wetlands: marshes and swamps 


Wetlands are the most difficult of all the 
major environments to define and describe 
concisely. They may be regions of mean- 
dering rivers in the Arctic or of ephemeral 
lakes in the tropics. They may be acid upland 
bogs, with a flora and fauna quite different 
from that of alkaline lowland fens only a few 
miles away, or they may be areas of slow. 
flowing water such as the Sudd or the “River 
of C of the Everglades of the USA. The 
one factor that all of these habitats share is 
er — usually poorly oxygenated ~ to which 
their inhabitants are adapted in an aston- 
ishing richness of life. The term “wetlands” 
has been coined to cover all of these varied 
habitats; as normally used it excludes lakes 
and rivers and saltwater estuaries. 


Luxuriant plant life 

Few woody plants can stand continuously 
waterlogged conditions; thus the luxuriant 
plant growth often found in wetlands is usu 
ally made up of herbaceous plants, Some 
wetland plants are adapted to slight 
waterlogging, others to life afloat in stagnant 
water and many to intermediate conditions 
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The extreme acidity of many wetland 
areas means that nutrients, trapped in the 
peat at the bottom of the water, are not a 
le to the plants. Some have overcome this 
by developing a carnivorous way of life 
Using modified leaves, pitcher plants, Venus 
fly-traps, sundews and. butterworts, for 
example, trap insects or other small animals 
which they consume by the use of enzymes. 
The minerals from the tissues of these ani 
mals compensate for the deficiency of min- 
erals in the environment 


Animal life of wetlands 
The animal life of wetlands is usually ve 
rich; these regions are often regarded by 
as areas of little use so that animals, hounded 
elsewhere, find in them a secure haven. Some 
large mammals are specialized for a wetland 
life, with adaptations of the feet, in par- 
ticular. These often spread to take the crea: 
ture’s weight on sinking ground, Even rein 
deer, which spend much of their time in 
swampy tundra areas, have toes that spread 
to take their body weight at each step. 
Other mammals and birds may have 
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swamp-adapted feet [Key], but it is in some 
of the lower animals that the most complete 
adaptations to a wetland life take place 
Crocodiles and many other reptiles are well 
adapted to life in tropical swamps where. 
because they are air-breathers, the 
deoxygenation of the water does not bother 
them. Many tropical amphibians have 
adaptations involving parental care of the 
young, a reflection of the ephemeral quali 
‘of many of the ponds and waterways that are 
their homelands, 

Fish of swampy areas are usually deep 
bodied animals, better able to weave bet 
ween thick-growing vegetation than the 
streamlined fish of fast-flowing or open 
waters. Most can survive reduced oxygen 
levels and in the tropics where, even before 
total evaporation takes place, the warm 
water can hold very little oxygen, many have 
the ability to breathe dry air. This they do in a 
variety of ways — in some the gill chambers 
have become richly supplied with blood 
capillaries and act as lungs; in others, such as 
some of the loaches, part of the gut takes over 
the task of absorbing oxygen and in the 


CONNECTIONS 


1 A swampin the 
Upper Nile valley is 
dominated by papyrus, 
the paper reed, which 
grows to a height of 
3.5m (12ft) or more. 
Other plants, which 
mask the open water, 
Include water-lilies 
and water hyacinths. 
The largest of swamp 
animals is the hippo: 
potamus, which inhab- 
its shallow rivers 

and lakes over much 
of Africa. Hippos 
usually live in 

groups, leaving the 
Water at night to 

feed. The sitatunga 

\s far more secrat 

ive than the hippo 
and is rarely seen. 

I in danger it will 
submerge with only 
Its nostrils show: 

ing, for long periods 

it need be. The many 
birds are almost all 
long-lagged relatives 
of the herons. They 
feed on small animals, 
particularly insects, 
which swarm through: 
‘out the swamp, 


mailed catfish even the stomach has become 
specialized to serve as a lung, 

The true lungfish [2] are all to be found in 
the tropics of the southern continents, living 
in streams or pools that are liable to 
deoxygenation or even complete drying out 
It is from relatives of ancestors of the lung 
fish, which may have been very similar to 
modern genera, that the first land-dwelling 
animals, the early amphibians, are thought to 
have evolved, for they were able to survive 
the desiccation of their swampland habitats, 

Among the invertebrates most freshwater 
snails breathe by means of lungs rather than 
gills and so they are well placed to survive 
should their ponds dry up. Most of these 
creatures can stand adverse conditions—even 
the freezing of their swampy homes in 
wintertime ~ by growing a mucus shield over 
the mouth of the shell and entering a state of 
dormancy until more favourable conditions 
allow them to return to full activity 

Alll of the insects that inhabit swamps are 
also air-breathers, as are the larvae of midges 
and mosquitoes. These have snorkel-like 
tubes at the hind ends of their bodies, which 


2 The lungfish is 
related to extinct 
creatures that wore 
the first vertebrates 
to live on dry land. 
Today itis found 

in tropical regions 

of the three south: 
em continents. The 
South American and 
Australian forms can 
survive complete de- 
oxygenation of the 
water by breathing 
air. The African 
species (Protopterus) 


®OOo2® 


-an live through 
total dehydration of 
its environment 

by burrowing into tha 
mud while it is still 
damp and enveloping 
itself in a mucous 
cocoon. This dries to 
form a protective 

case [1]. Air from 

the disturbed mud 
filters through a por 
ous “lid” (2) at the 
top of the case, During 
this dormancy it lives 
on reserves of fat 


(G) 


5 


they can push up to the surface of the water 
A number of other larvae, such as those of 
dragonflies and water beetles, have gills, but 
in both these cases the adults breathe dry air 
because they leave the water for at least part 
of their lives, often in order to find a mate and 
thus complete the life cycle 


Man and the wetlands 
Because wetlands cannot be farmed easily 
man has tended to ignore them until rela- 
tively recently. But today, with the need for 
more land, many swamp and marsh areas 
have been drained. This has often reduced 
the numbers of disease-carrying organisms, 
such as mosquitoes, adding a further impetus 
to the drainage programmes. Nevertheless, 
wetlands have an importance beyond their 
own boundaries because they often act as a 
reservoir of water for distant area 
frequently the seasonal home of many 
species of migratory birds. Naturalists and 
conservationists have realized this for many 
years and some of the carliest conservation 
attempts, such as those in North America, 
have been on behalf of wetlands. 


s and are 


3 The boat-billed 
heron is a bird of 
Central and South 
America that lives. been observed stand 
mainly in the fresh. ing or walking slowly 
water parts of man: In shallow water, 
grove swamps. It is using its broad 
secrative and noc bill to scoop up 
turnal, somewhat like shrimps and other in. 
the night herons of vertebrate prey, 


the Old World. Little 
is known of its 
habits, but it has 


3 Boat-tilted horor 
Cochlearius cochlearius 


ps 
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Tragelaphus speke) 


Swamp deer 


Fulice sp 


eer 
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4 The matamata, 2 
South American 
turtle, has a bossed 
carapace that resem: 
bles a lump of dead, 
waterlogged wood. 
The flaps of tissue 
that dangle from its 
head and neck look 
like inviting scraps of 


food to the small 
denizens of the un 
ruffled tropical 
waters where the 
matamata lives. The 
inquisitive amphi 
bians or fish do 

not discover their 
mistake until itis 
too late. In spite 


4 Maramata 
Chelys timbriste 


5 Much of the vast 
Amazon basin is 
drained by meander 
ing, swampy streams. 
Electric fish such as 
the electric eet 
(Electrophorus elect: 
ricus) can stun 

their prey with 
charges of upto 

800 volts, Here, too, 
lives the arapaima, 
the world’s largest 
freshwater fish, 
weighing up to 90kg 
(2001b), Some of the 
nearby faster flowing 


waters abound with 

shoals of piranha, 

(Serrasalmus natteri) 

which are among the 

Most voracious of all 

vertebrates. Hunt- 

ing in “packs”, they 

can reduce a human 

being toa skeleton 

within minutes. 

1 Symphysodon discus 

2 Hyphessobrycon innesi 

3 Boulengereila 
latoristriga 

4 Anostomus anostomus 

5 Camegiella strigat 

6 Leponnus fasciatus 


(O) 


Animals of wetlands 
run the risk of be 
coming bogged down 
in the soft, quaking 
ground that lies at the 
water's edge, so 

they frequently de- 
velop large, weight 
spreading feet 
‘Among birds the long 
toes of herons, 
waders and moorhens 
are examples of this 
adaptation. It takes an 
‘extreme form in the 
jacana, which can 
‘even walk on float- 
ing vegetation. Some 
waterside birds have 
partly webbed feet 

In the coots and fin 
foots the adaptation 
takes the form of 
lobes along the toes 
which, as well as 
spreading their 
weight, help them to 
swim. Both the 
swamp deer of India 
and the sitatunga, an 
African antelope, 
have long, loosely: 
jointed toes. 


of its grotesquely 
flattened head, the 
matamata has huge if 
feeble jaws and 3 
greatly distensible 
throat, It sucks in 

a huge volume of 
water, bearing any 
nearby small animals 
irresistibly with it 


7 Prochilodus insignis 
8 Metynnis 
schroitmuelteri 
9 Serraxalmus natterer/ 
10 Gymnotus carapo 
1) Gymnorhamphichthyes 
hypostomus 
12 Electrophorus 
electricus 
13 Oxydoras niger 
14 Pseudoplatystoma 
foscintum 
18 Ancistrus citrhosus 
16 Auchenipterus 
‘gtipinns 
17 Corydoras myersi 
18 Arapaima gigas 
19 Young Arapaima gigas 
20 Osteogiossum bicirhosum 


Salt marshes and coastal swamps 


‘The boundaries between sea and land are not 
always exact and throughout the world com- 
plex transition zones exist. In the temperate 
regions of the world they are represented by 
salt marshes; while in the tropical regions 
mangrove swamps [2] flourish on many 
coasts. Both areas are highly productive and 
present a habitat that has a unique and 
populous fauna, The plant species that com- 
pose the marsh and swamps are specially 
adapted to withstand the presence of salt 
water and periodic immersion by tides [Key] 


‘Salt marsh succulents 

Many plants of the salt marsh are succulent, 
their stems and leaves swollen with water 
stored in special tissues. Salt marsh plants 
suffer from a lack of water in much the same 
way as desert plants because it is difficult for 
them to extract water from the sea. The 
reason for this so-called “physiological 
drought” is that the concentration of mineral 
salts in seawater is similar to that inside the 
plant cells and, as a result, little water is able 
to move into those cells. Thus storing water 
‘overcomes the problem, 


1 Onatypical tom- Jems this involves. 
Perate salt marsh 3 ‘The primary coloniz- 
distinct division of ers [A] of the bare 
plants can be seen, mud are the eel 
which reflects the ip) 1) 


plants’ abilities to 


withstand periodic (Salicornia sp) (2). 


immersions by the Atthe beginning of 
tide and thus their the 20th century 
exposure to salt the sea.cord grass 
water and all the 

physiological prob- [a 


2 
& 
High spring tide 


2 Moving | species of mangrove. 
wards, the The pioneer mangrove 
forests (C] cla (Sonneratiasp) [D) 
‘new territory’! has large numbers of 
thecoastline. A scott arial ee 

rougha (pneumatophores| 
mangroveswamp (6) — meansof whichit 
showsthedistribu- is abletobreathe. 
ution and zonation [A] 


Lateral roots 
form from these [E]. 
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Another problem faced by salt marsh 
plants is oxygen lack. To overcome this many 
plants develop aerial roots that grow like 
periscopes above the surface of the mud. The 
tolerance of salt concentrations, and of the 
length of time of inundation by the tide, 
varies from species to species and thus there 
is a characteristic division into zones [1] 

In the mangrove swamps of South-East 
Asia growing near to the sea are Sonneratia 
spp [2] with a wild array of aerial roots 
sprouting from both branches and trunks. 
The stands behind them are of Rhizophora 
spp [4], which have roots that lie just above or 
below the ground. Growing behind these are 
Bruguiera spp with their roots buried in the 
mud, leaving only small spikes jutting above 
the surface. The mangrove roots trap sedi- 
ment that accumulates to form muddy banks; 
these present a new habitat to be colonized 
by more trees. In this way the stilted forest 
takes over the shoreline in a slow but sure 
march into the sea. 

Some of the most characteristic animals 
of the mangrove forest are mudskippers [5, 
6}, tiny fish that can live out of water and walk 


(Spartina townsendil) 
became a major col- 
‘onizor of thi 


spurry (Spergularia 
8p) [3], sea plantain 
(Plantago maritima) 


mud zones of many [4], sea lavender 
European salt (Limonium sp) (5) 
Marshes. The general sea blight (Sueda m 
marshcommunity (8, _itima) [6]. Onthe 


€, DJ contains a num: 
ber of different plants, 
among them sea 


hummocks and edges 
of creoks (Cl are 
found sea purslane 


across the mud. Millions of small fiddler 
crabs (Uca spp), each with one outsize claw, 
scuttle along the mud seeking refuge beneath 
it when the tide rises or danger threatens. The 
vast number of molluscs, crustaceans and fish 
that live on the quantities of organic debris 
provide prey for monitor lizards (Varanus 
salvator), sea crocodiles (Crocodylus porosus) 
and various extremely venomous  fast- 
swimming sea snakes such as the banded sea 
snake (Laticauda colubrina) 


Mangrove birds and mammals 

The mangrove snake (Boiga dendrophila) 
lives on birds that flock to the mangrove 
swamps to take fish and shellfish. These 
include the graceful fish eagles (Haliaeetus 
leucogaster) and the tall adjutant storks 
(Leptoptilos javanicus). Mammalsinclude the 
long-tailed macaque (Macaca crus) which is 
also known as the crab-eating monkey, As 
their name suggests, the members of the clan 
spend their time on the mudflats watching for 
any crabs that disappear down their burrows. 
When the crab reappears it is skilfully 
grabbed, torn apart and devoured. Found 


(Halimione portula- 
coides) [7] and sea 
aster ( Aster tripol: 
ium) |8}. These grow 


the edge of the 
marshy in th 
with the least like: 
lihood of inundation, 
are found (€} thrift 


tree their roots stick 
aes mud [B) and 
established before 
the tide can wash 
them away. 


CONNECTIONS 


See also 
Wetlands: marsh 


(Armeria maritima) 
80a Wormwood (Arte: 
misia maritina) (10) 
and sea couch grass 
(Agropyronsp) (11), 


4 The knee roots: 
of Bruguiera|A) 
and the stilt roots 
mongrove ol if 
ove (6 efor 
from those of Sonn- 


exclusively in the mangroves of Borneo are 
the rare proboscis monkeys (Nasalis lar- 
vatus) [7], grotesque-looking creatures with 
large nasal appendages that hang over the 
mouths and chins of the male. Despite their 
appearance they are peaceful animals, They 
live in troops of 15 of 20. and feed on leaves of 
the Sonneratia caseolaris mangrove 


Marshland communities 
The salt marshes of the world, although not 
as dramatic in appearance as the mangrove 
swamps, are no less productive. Many of the 
estuaries and coastal marshes serve as nurse- 
ries for a wide variety of animals. Many fish 
and invertebrates Jay their eggs in these shel- 
tered regions and the newly hatched young 
are less vulnerable in the protective, shallow 
waters. The division of plant species into 
zones is also affected by the tidal range and 
reflects individual tolerances to salt 
concentrations and periods of covering by the 
tide. The lower reaches, which may be sub- 
merged at all times, may be colonized by eel 
grass (Zostera spp), which provides food for 
the brent geese (Branta bernicla), or by 


5 The mudskippers of 
the mangrove swamps 
are fish that live as 
much out of the water 
as init. Each species 
(8] feeds on a differ. 

ent diet and occupies carnivorous; 8. 
aseparatenichein 

the mangrove mud, 
Boleophthalmus 
boddaertiis found 

atthe seaward edge, 
Mudskippers exert 

strong territorial 

rights at breeding 

time. Periophthal 

mus chrysopilus 

builds circular 

burrow inthe mud 
towhich it attracts 
afomalewitha ser 

es of leaps. In 


contrast Perioph- 
thalmodon schlosseri 
makes its home on 
the firmer mud with: 
inthe fringes of 
Avicenniaand is 


meadows of turtle grass (Thalassia spp), the 
food of the green turtle (Chelonia mydas), 
Adjoining this zone are expanses of saltwort 
(Salicornia spp), or marsh cord grass (Spar- 
fina spp), which are tolerant to high salt 
concentrations. These provide detritus 
vegetation that feeds a multitude of molluscs, 
crustaceans and birds. 

Farther towards firm ground is a general 
salt marsh community that is accustomed to 
the salt concentrations but not to prolonged 
immersion in seawater. The richest feeding 
grounds for visiting birds are those that are 
exposed for long periods each day. The open 
marsh provides food for widgeon and brent 
geese and the maze of channels and pools 
criss-crossing the area yields food for oppor- 
tunist feeders such as gulls and shelduck [10] 
The best adapted of all birds are the waders, 
such as the redshank [11] 

The area of the Camargue in southern 
France is a patchwork of fresh and salt-water 
marshes adjoining the Mediterranean. A 
multitude of birds and flocks of greater 
flamingos present a dramatic spectacle 
among the less colourful species. 


boddaertiteeds on 
algae at the seaward 
‘edge of the swamp. 
Courtship of the 
mudskippers involves 
atypical mouth-to- 
mouth display [A] 


rises the mudskip: 


per Periophthalmus 


chrysopilus climbs 
the mangrove trees, 
[Aland clings on 
with a sucker [B). 


Boleaphthalmux boddsert! 


7 The mangrove for- 
ests of Borneo and 
South-East Asia 

are the home of the 
grotesque and amiable 
proboscis monkey 
(Nasatis larvatus} A), 
The silvered langur 
(Presbytis cristatus) 
IB] and dusky langur 
(P. obscurvs) [Cl, live 
inthe same habitat 


10 The shelduck is 
a familiar inhabi- 
tant of salt marshes 
of Britain and 
western Europe. 


10 Sholduck 
Tadora 
tadorna 


T1Redshonk 
Tringa toranus, 


8 The seed-eating 
seaside sparrow 


(Ammospiza mariti- 
ma) (Al and the long 


billed marsh wren 


(Telmatodytes palus 


tris) |B], an insect 


coast North Ameri 
can salt marshes, 


11 Atypical wading 
bird of the salt 
marshisthe red- 
shank. It probes 
inthe mudfor food 
with its long beak. 


the first colonizers 

of sandy and muddy 
shores. There are 
about 36 species 
world-wide, commonly 
called saltwort, glass- 
wortor samphire, all 


tell apart, Small 
plants have an up- 
tight growth but 
larger plants tend 

to sprawl. They have 


minute leaves and. 
succulent form, which 
are adaptations to 
conserve wi 

Although they live in 
wet conditions the 
soil contains alot 

of salt and this pre. 


being fr 
able to the plants. 
These and other 
plants 
living ina salty 
environment are 
known as halophytes. 


farlophthalmoden sentosserd 


Perlophthalmus eheysopilus 


- 


9 The red-headed 
honey eater (Myzom 
erythrocephala) is 
one of 20 species 
virtually confined 
tomangrove swamps 
in Austral 


12 Brown polican 
Palecanus 
‘occidentalis 


12 The brown pelican 
hasa large bill 
witha distensible 
pouch that ituses 
tocatch the fish on 
which it feeds. It 

lives onthe coasts 

of tropical America 
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The sea-shore: life 


The shore lies between the land and the sea, 
allied to both yet belonging to neither, It is a 
zone defined by the daily rise and fall of the 
tides, washed by salt water, but exposed to 
the damaging effects of drying air 


Types of beaches 

The type of beach is dependent on its hinter 
land ~ hard rocks give a cliffed and rocky 
shore while softer rocks give a sandy or 
muddy beach ~ and on the effectiveness of 
the waves in eroding the rocks. 

On shingle or pebble beaches it is impos- 
sible for plants to grow because the action of 
the waves causes the stones to rub together 
and grind off any life form that attempts to 
gain a foothold. The only animals ona pebble 
beach exist on the strand line at the edge of 
the high tide mark 

As well as the composition of the beach 
other factors that have an important influ- 
ence on its fauna and flora are its aspect and 
degree of slope. Shallow, sloping beaches 
offer a far greater area for the development 
of animals and plants than do steeper 
beaches. The effect of the tide on sea-shore 


1 Barnacies, sea 
snails and seaweeds 
are typical of sea: 
shore life. Bor 

nacles [Aj teed by 


opening their shelly 
plates when sub: 
‘merged, catching min. 
ute, suspended food 
particles. Many sea 


Sand burowors 


Parchment worm 
Chastoptervs variopedatus 
1 Mouth 

2 Funnel 

3 Fan 

4 Parchment tube 


Aphvadite aculeete 


between the tides 


life is also altered by the degree of slope, 
because the steeper the slope the fiercer are 
the waves. On a steeply sloping beach the 
waves have a greater scouring action, pre- 
venting all but the most tenacious animals 
and plants from securing a foothold. 

Once seaweeds do obtain a hold on 
shallow, rocky shores they exert a great mod- 
ifying influence on wave action, Beneath 
their sheltering fronds large numbers of less 
well adapted plants and animals are able to 
find a secure home 


Life on beach zones 

The beach can be divided into a series of 
zones [7] according to how far itis influenced 
by the water. At the land edge is the splash 
zone, normally wetted only by sea spray but 
still affected by the maritime influence. 
Below this is the upper shore extending from 
the level of high spring tides down to the 
average high tide level. The middle shore 
runs from there to average low tide level and 
the lower shore from that point to extre 
Jow spring level. A walk from the upper sh 
to the low tide line shows that the plants and 


snails, such as the 
dog wholk (8), eat 
flesh. A dog whelk 
rasps through the 
sholis of barnacies 


and mussels with its 
strong, file-like 
tongue (radula) to 
reach the unprotected 
imal inside, Sea. 


Peppory furrow shell Sea potaio 
Scrobieularia plana Echinocardium cordatum 
6 Respiratory funnel 
6 Feeding area 
7 Ora} tube foot 
8 Sanitary tube 


Sand gap 
Mya arenane 


Amphi 


animals change with their level on the beach. 
This zonation is one of the most characteristic 
features of the sea-shore. 

The beach as a whole is the most variable 
of all environments. When the tide is out the 
drying effects of the wind and sun threaten 
the plants and animals of the upper shore. If 
they are not to become desiccated they have 
to be well protected. In summer the beach 
and the rock pools may warm up consider- 
ably, but they are cooled in a moment when 
the water comes splashing back, At low tide 
the salinity of rock pools may increase with 
evaporation or decrease if there is heavy 
rainfall. The acidity of rock pools is low 
during the daytime when the plants are 
photosynthesizing but may increase seven- 
fold at night when they are producing carbon 
dioxide. Most plants and animals are adapted 
to live in a narrow range of temperatures, 
salinity and acidity but the organisms of the 
shore can stand continuous large variations in 
their environment 

The plants of the shore are almost all sea 


weeds [7]. These are entirely different from 
land plants in that they have no roots, stems, 


weeds do not have 2 
roots but attach them: 
selves to rocks 

with strong, branched 
holdfasts [C]. 


Structure of tontocle 

9 Cillated surface 

10 Food gioove 

11 Muscle fibros 
Lug worm 
Arenicols 


> 


CONNECTIONS 


2 The sand hopper 
lives on the strand 
line near the top of 
the beach where the 
lost energy of the 
waves has thrown the 
detritus of the sea. 
Huge numbors of 
these small animals 
are found living in 
decaying seaweed, 
sand and even fine 
gravel, which may be 
fairly dry, They are 
valuable scavengers 
of dead material and 
in turn create an 
abundant food supply 
for shore birds such 
as turnstones on 

the upper shore. 


Sand hopper Orchestia gammarells 


3 The surface of a 
sandy beach at low 
tide gives few clues 
tothe amount of life 
hidden beneath it 
The principal in. 
habitants are worms 
and bivalves of many 
kinds, but other 
animals such as bur 
rowing sea-urchins 
and crabs may also 
be present. Most bi- 
valves depend on the 
planktonic richness 
of the sea for their 
food: when the sand 
is covered at high 
tide they push si 
phons up to the sur- 
face and pump a flow 
of water that circu: 
lates through their 
gill system, By this 
means oxygen is re 
moved and food par 
ticles are trapped 
Worms may use 
specialized tentacles 
or, like the lugworm, 
eat sand to swallow 
the tiny inhabitants 
of the water film 
round each grain 


leaves, flowers or fruit, Supported and 
bathed in seawater, they absorb all the nut 
rients they need directly from the sea. All 
photosynthesize, but in many the green of the 
chlorophyll is masked by other pigments that 


assist photosynthesis at low light levels or 


sereen the chlorophyll from intense light 
Defended against desiccation by sticky 
mucilage, they are often unattractively slimy 
objects when found at low tide or when cast 
up on the beach, Under water they are trans 
formed, for their structure allows the fronds 
to be carried towards the light 


Animals of the shore 

Among the animals of the shore, most of the 
major groups, or phyla, are represented. Fre: 
quently brightly coloured and of bizarre 
shapes, to many people they are one of the 
great ide. On the 
middle and upper shore in particular, many 
are protected aj 
the waves by h 


attractions of the sea 


ainst the battering force of 
avy shells, although others 
creep into burrows or cracks in rocks either in 
times of storm or at low tide, Most are more 
of less sedentary but they produce planktonic 


Waders such as the 
redshank probe the 
mud with long, thin 
bills. The oyster. 
catcher can open 
cockle shells at a 
blow, The bills of 
elder ducks crush 
the shells of crabs 
and sea-urchins, 


6 Many species of 
birds foed on the 
small animals of the 
shore. Gulls will eat 
almost any kind of 
food but most of 
the others are 
specialists and will 
eat only a narrow 
range of organisms. 


larvae that float off in the water and may col 
onize other beaches 

The feeding patterns of beach animals are 
complex, A few animals eat the seaweeds, 
but the big algae are largely inedible, 
although their smaller relatives of the open 
sea are the basis of all life in the oceans. Some 


nimals are carnivores [1], some are scaven 
gers [2] and many are filter feeders, finding 
food in what they can strain from the floating 
life of seawater. A variantis found in the sand 
caters [3], which ingest vast amounts of sand 
in order to devour the tiny animals whose 


homes are the jackets of water that surround 
each sand grain 

Apart from recreation man has compara 
tively little use for the sea-shore 
places minor industries are based on col 
lecting molluscs or crustaceans or even the 
algac. Unfortunately most scaweeds cannot 
be digested by man or most other large ani 
mals unless processed to provide useful 
minerals (particularly iodine) and mucil 
Some seaweeds also yield alginates. These 
chemicals are the basis of “instant 
and other edible produ 


In some 


desserts 


4 Starfish live 5 
mostly on the lower 
shore although they 
may be cast higher 

up the beach by the 

tide. Linckia laevi- 
gatacomes from 

Pacific coral reets 

which are a spec: 

ial type of shore. 


5 Sea slugs are 
snails without shell 
but unlike land slugs 
they are frequently 
beautiful. This one 
is crawling over a 
red seawood. They 
‘owe their protection, 
In part, to their 
unpalatable taste, 
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{© Sponge seaweed 


7 Most living things 
are closely zoned to 
a narrow part of the 
shore and no single 
species of plant or 
animal is found in 
Among 
algae, green speci 
live on the higher 
levels of the shore 
although channelled 
wrack, a brown 
weed, is often found 
9n rocks at the land 
ward edge of the 
beach. Brown weeds 
generally belong to 
the middle of the 
shore although the 
oar weeds extend 
below the bottom of 


e 
$ 


the tide line. Th 
fragile-looking red 
weeds grow on the 
lower shore, Animals 
are also zoned. Some: 
times there is an as. 
sociation between 
particular species and 
a seaweed, such as 
that between the flat 
periwinkle and blad 
der wrack. Those 
that can endure the 
greatest desiccation 
and varied conditions 
live at the top 

of the shore, 

while those that 
require greater 
stability are found 
closer to the sea. 
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The killer whale is a 
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Life in the oceans 


More than two-thirds of the earth’s area is 
taken up by the oceans. These great bodies of 
water not only cover a huge area but also 
have immense depth — on average more than 
3,650m (12,000ft). Thus the oceans offer a 
vast and immensly varied three-dimensional 
living space to countless plant and animal 
species of gr 

The richness or poverty of marine life at 
any one place is largely determined by the 
urrent systems of the ocean. Where two cur- 


rents, or a current and a land mass, interact so 
as (o draw deep water to the surface, they 
carry fresh nutrients into the upper, lighted 
zone and as a result animal and plant life 
thrive on a rich food source 


The pyramid of life 

The oceans are, for the greater part, cold, 
dark and comparatively still. This would 
appear to give life little cl yet it is 
thought that all life started in the sea and con: 
tinues to flourish there. All the modern phyla 
of animals can be found in the sea and some 
have never left it. An important animal group 
virtually unrepresented in the oceans is the 


ance, 


1 Mostly invisibleto 14 
the naked eye, plank 
ton lives all through 
the upper oceans. If 
collected in a fine: 
meshed net it can 
easily be observed 
through a low-power 
‘ed microscope. The 
most important ele 
ments are the plants, 
including diatoms (Aj, 
green aigae (8) and 
dinoflagellates {C] 
Those single c 
may cling together in 
chains. Using miner 
als from the water 
and the sun’s energy. 
plants act as primary 
producers of food and 
are eaten, along with 
animal elements of 
plankton such as fish 
e998 [F] and small ani 
mals such as worms 
[D}, copepods (G] 
and larvae [E}. These 
ten by 
other members of 
the pyramid whose 
base is the plankton 


Diatom 
Gomphonome sp 


Worm 
Tomopteris sp 


3 Strange animals 
live far down in the 
cold, dark depths of 
the sea — all of them 
carnivores or scaven- 
gers dependent for 
food on the sunlit 
waters above. Many 
of these creatures 
bear luminous organs 
Infish, crusta- 

ceans and squids the 


luminous organ can 
be a complex struc- 
ture with a lens anda 
reflecting layer that 
increases the pene. 
tration of light 
through the water. 
The light shed may 
be used to help loc 
ate prey or discomfort 
predators, or asa 
pre-mating signal, 


insects. Instead the crustaceans (the shrimps 
and their relations) are extremely abundant 
in the oceans in terms of numbers and 
species. The smallest of these crustaceans are 
dependent for food on small marine plants 
that are the basis of a vast pyramid of life [5] 
that includes the squids, fish, birds and mam 
mals with which the seas abound. So wide is 
the base of the pyramid that the natural 
destiny of more than 90 per cent of all sea 
creatures is to be swallowed by other animals. 
Although nearly all oceanic organisms are 
found in the upper, light regions, even the 
greatest depths support some life, dependent 
on a slow rain of organisms from above 
Creatures living on the sea-bed are referred 
to as benthic, while those living nearer the 
surface are known as pelagic, These may be 
subdivided into those strong enough to swim 
against the currents when they wish — the 
nekton — and those too small ot feeble to do 
nything but drift with the current — the 
plankton. Small plants are, in turn, known as 
phytoplankton [1], while planktonic animals 
are the zooplankton [Key]. Members of the 
zooplankton may be the young of large crea 


B Scenedesmus sp 


F Sea bass 099 
Serranus 3p 


Calnnus sp 


minerals to the sea 
but certain islands 
are used for nesting 
and here the accumu 
lated dung or guano 
makes a thick deposit 
which is removed 
and used as ferti 

lizer, Occasionally 
and inexplicably the 


cormorants, pelicans 
and other birds off the 
west coast of South 
America feed on the 
anchovies that thrive 
in the cold waters of 
the Humboldt Cur- 
rent. The droppings 
of these birds return 


CONNECTIONS 


tures, which during this phase of their lives 
See also 


disperse as widely as possible, or they may be 
—as are the arrow worms and minute crusta- 
cean copepods ~ a permanent planktonic 
component. In either case they are the basis 
of all larger life forms in the sea. L 


Pastures of the deep 
If an attempt is made to assess the produc- [hws 
tivity of the sea in terms of the dry weight of : 
the plants produced in a year, a given area of 

the sea appears to be as rich as an equal area 

of land and the richest estuaries are equiva- 

lent to land-growing forests. The big differ 

ence is that whereas on land plants have 
developed into multicellular forms large and 

strong enough to support themselves, in the 

sea this has never been necessary for the 

water supports the individual cells. Many of 

the millions of plant cells that goto make up a 

forest are for support or are employed as 
conduction channels and are not involved in 
photosynthesis and thus in food production 

In the open sea, where plants are all single 

celled, every one of them is capable of 
photosynthesis and is potentially productive 


t wandering albatross 


wi 


2 The wandering al- 5 
batross, the largest of 
all sea birds, is an 
inhabitant of the 
southern oceans that 
only comes ashor 

on remote islands, to 
breed. Its wings are 
ideally shaped for 
effortiess gliding 


an 


currents bearing the 
rich planktonic food 
supply change. A 
great chain of death 
follows: there is no 
food for the crusta 
ceans and thus none 
for the fish and 
birds, which are 
doomed to starve 


The distribution of the phytoplankton is 
far from uniform over the oceans. 
there are apparently barren 


Ason land, 


eas or deserts 
where plant life is sparse and in contrast 
places where it is so abundant that the water 
s opaque 
Because plant life requires both sunlight and 
nutrient phytoplankton 
only in the first few hundred metres or so 
below the surface, to a depth at which suffi 
ient sunlight penetrates 

The need to strain food from water has 
given rise to an enormous diversity of fil 
tering mechanisms in 


and green or brown in colour 


salts, 


is produced 


almost all groups of 
marine invertebrates, from the minute ani. 
mals that drift in the plankton to those that 
live buried in or lie upon the floor of the 


By m, 


ocean taining a constant current of 


water through their bodies these animals are 


able to extract the nutrients they need, 


Creatures of the reefs 
A very special ocean habitat is that of the 


coral reef. The reef itself is a complex of coral 
architects 
coclenterat 


are minute coral 
animals related to the 


colonies whose 


polyp 


5 Macaroni pengu) 


jellyfish and sea anemones. The polyps are 
able to extract calcium carbonate from sea 
water and use it to create solid support. They 
grow only in warm seas where the winter 
temperature never falls below 20°C (68°F), 
often in close association with algae. The two 
have a complex interdependence because the 
algae release substances useful to the coral 
polyps and in return are supplied with nut 
rients. The polyps by making important 
mineral nutrients ~ particularly phosphates 
and nitrates ~ available to the algae help 
promote their healthy growth 

The high rate of nutrient turnover in the 
reef results in a complex and highly organized 
community of living creatures; it has been 
estimated, for example, that there are 1 
than 3,000 species of animals living in the 
Great Barrier Reef. These include an abun 
dance of jellyfish and sea anemones and of 
brightly coloured fish, shrimps, crabs, star 


we 


fish, sea slugs and sea cucumbers. In many 
animals the colour is used as a camouflage 
Against its many-hued background, the 
boldly striped clownfish, for example, mer 


most effectively with its surroundings. 


oe 


f 


Plankton contains 
some adult animals 
but most of this mi 

of floating marine 


larval forms. Kept 
afloat in the wat 
by means of weight: 
preading spines or 
tiny beating cilia, 


5 The shrimp-like 
some of the 

t important ani: 
8 of the plankton, 
are about Sem 

jong when fully growr 
They belong to a 


group of crustacean: 
found in all oceans) 
haracterized by 


scent organs 
along their sides, on 
their undersides and 
heads. Euphausia 

superba is the most 
mportant species of 
the Antarctic seas 
for it supports much 
of the warm-blooded 


they are swept we 
away from their pai 
ents. Some specie 
be 


life of the souther 
Many birds, 
including the Adélie 


and macan 
guins and shear 
waters, eat it almost 


exclusively, as do the 
crabeater seal, the 
blue whale and the 
humpback and othe 
baleen whales. In it 
first year a blue whale 


ts Up to 450 tonne 


of krill. Commercial 


harvesting of krill may 
further reduce the 
chances of survival 
of the already over 
hunted great whale 
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Animals of the ocean 


The oceans of the world are a continuous 
mass of some 5,000 million tonnes of water. 
But far from being uniform from surface to 
floor the ocean is divided into several regions 
[Key], each with its own typical forms of life, 
The most spectacular of these are animals 
and their distribution is determined by the 
interaction of such factors as light, tempera- 
ture, pressure, salinity, currents and waves. 


The sunlit zone 
The smallest animals of the ocean are 
concentrated in the uppermost or euphotic 
zone [1] into which the most light penctrates 
and are known as zooplankton, Most of them 
are copepods, krill and other small crusta- 
ceans but the zooplankton also includes the 
eggs and larvae of many sea creatures, 
worms, comb jellies, sea snails and jellyfish. 
The smallest zooplankton are the chief 
herbivores of the ocean, grazing on the 
microscopic plants or phytoplankton that 
form the basis of the ocean food chains, 
Larger zooplankton, including small fish and 
also invertebrates such as large jellyfish, live 
cither as carnivores or as detritus or 


1 Portuguese man-of-war 
mae Physalia physalix Flying fish 

Cypselurus tine 
23cm (9in) 


Euphotie zone 


found here 


Faction | 


180m (5004) | Ocean bonito 
Katsuwonus pelamis 
80cm (24) 
Mosopelagic zone 
Sunlight may 


penetrate to 200m 
(650M), Inhabitants 
mainly predatory fish 


Lamna nasus 
36m (12K) 


1,000m (3,300) | 


Hatchet tah 


2'5em (Tin) 


Bathypelagic zone 
‘oF no light 
penetrates. Home of 
free-swimming detntus- 
feeding fish and 
\nvertabrates 


1 Throughout the top 
200m (650ft) of 

the ocean planktonic 
plant life of many 
different forms is 
found accompanied 
by the primary feeders 
that live on them, 


3,000m (10,0001) | 


inthe wake of the 
greatest concentra- 


Abyasal pelagic zone 
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aK 28cm (114n) 


Pet ee f 


Argyropelecus hemigymaus 


“carrion” feeders living on any dead matter. 
All parts of the oceans are inhabited by 
fish, but those of the superficial euphotic 
zone are largely zooplankton feeders and 
many are small, immature fish that are them- 
selves the prey of larger fish. The herrings 
(Clupea spp) and their allies, however, con- 
sume phytoplankton as a significant propor- 
tion of their diet. It is because they can use 
the ocean's plant resources that the herrings 
provide the bulk of man’s ocean harvest. 

While fish can swim in search of food, 
many large jellyfish are passive surface drif- 
ters. The Portuguese man-of-war (Physalia 
physalis) has a float with a “sail”, which puts 
it at the mercy of the sea winds, 

‘The number of small fish present in the 
euphotic zone tends to increase at night 
These fish migrate upwards from the lower, 
pelagic zone and this migratory movement 
seems to be a protective mechanism because 
predators are generally less active during the 
hours of darkness, In addition, these migra- 
tions help the small fish to conserve their 
energy resources, for by moving into deeper, 
cooler waters in daytime they metabolize 


‘Anchovies 
Engrave sp 


1Scrn (fin) 


+ a = 


Diaphus ratinesquel Za 
he 


766m (3in) 


their food more slowly because their body 
temperatures are lower, 

AL night the upper layer of the ocean is 
illuminated by the light produced biologically 
by the constituents of the plankton. It has 
been suggested that rather than putting the 
plankton at a disadvantage it protects them, 
for the light makes plankton feeders such as 
small fish easily visible to the larger ocean 
camivores; the very presence of fish seems to 

ite the plankton into light production. 

Sea-dwelling mammals, such as whales, 
seals and dolphins can dive deep into the 
‘ocean, but regularly inhabit the uppermost 
layer of the open ocean because they must 
come to the surface to breathe, The baleen 
whales are further limited by the distribution 
of their food supply. 


Predation and protection 
The middle or mesopelagic zone of the ocean 
holds myriads of fish, accompanied by larger 
invertebrates such as squids, octopuses and 
prawns. This is the habitat of the sea’s active 
predators, but it is one with no shelter. In 
order to survive the threat of large carnivores 


Marin 
Makara sp 
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an suntiah 
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Basking shark 
Cotorhinus maximus 
Try (A641) 


Squid 
Lotigo ¥p. 
30cm (1H) 

9 hinpurus — 


Giant squid 
Archieuthis 50 
20m (66f1) 


Ourtish o 
Regalecus sp Cl 
‘6m (20H) 

tion of the plankton, 3,000m (3,300 and possessing body fluids 

and are in turn, 10,000ft), virtually at the same hydrostatic 


eaten by small pred- 
ators. These then 


no light penetrates 
and the water is at 


fall proy to larger the temperature — an 
Predatorsiike sharks, average of &°C ida 
which spend most 

time in the middle 

‘of mesopelagic zone 

of the open ocean. 

Inthe range of depth swimming fish, shell- 
between 1,000and —_fish and cephalopods 


proximately the same 
degree of salinity, At 
night some mid-water 
dwellers migrate to the 
surface to feed on 
other animals which 

in turn graze on the 
plankton pastures, 
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Bluefin tuna 
Thunnus thynnus 
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Ditetmid 
Ditatmus argenteus 
Sem (2in) 


Photostomias guerm 


18m (Tin) 


the creatures of the mesopelagic must either 
be armed with powerful defensive apparatus, 
such as the stinging cells of the jellyfish 
Rhizostoma spp and Cyanea spp, or be adept 
swimmers equipped with sensory apparatus 
efficient enough to detect the approach of 
potential enemies. For this reason the most 
streamlined of all fish, both prey and pre- 
dators, are found in the mesopelagic zone 
and include such species as the bonito (Kat- 
suwonus pelamis) and the mackerel shark 
(Lamna nasus). Other protective mechan- 
isms of pelagic fish include shoaling 
behaviour [2] and bioluminescence [3] 


Deep-water dwellers 

Animals of deep or bathypelagic waters are 
largely dependent for food on the rain of 
debris from the mesopelagic and euphotic 


The problems of life at great depth - inky 
darkness, cold and crushing pressures ~ have 
resulted in the evolution of many curious but 
beautiful species [6]. The majority of deep- 
sea fish are 30em (Ift) or less in length and 
most swim with their mouths permanently 
agape. Although often dark-coloured, more 
than 60 per cent of all deep-sea animals have 
light-producing organs, Their biolumines- 
cence is used for recognizing neighbours and 
mates and confusing predators. 

On the sea-bed the fauna varies according 
to the distance from the surface, but most 
bottom dwellers are detritus feeders. Most of 
these benthic species are found in the 
comparatively shallow waters of the conti- 
nental shelves. There, mussels and other 
bivalves, fan worms, sea cucumbers, crabs, 
sea-urchins and their near relatives cohabit 


Key 
Littoral Shallow 
water zone, 


Deep water zone (Pelagic zone) 


Euphotic zone 
zone 


with flatfish 

The life of the abyssal ocean is much less 
well documented, but explorations to depths 
of more than 2,000m (6,500ft) off the coast 


zones above them. In this habitat, as yet 
largely unexplored, more than 2,000 species 
of fish and about the same number of large 
invertebrates have so far been discovered. 
Many have been located with the help of 
baited cameras; others have been found in 
the stomachs of whales and swordfish 


of California have revealed a fauna that 
includes species known to be adapted to the 
near-freezing temperatures of Arctic waters. 


‘The ocean layers tional" fish shape ocean are concen: 
from the translucent of the tuna and the trated in the euphotic 
surface waters shark|illustration 1], zone, carnivorous 
through the twilight which live in the predators in the pe! 


zone to the depths 
of eternal gloom 
provide a range of 
habitats to which 
the ocean's wealth 
of species are adap. 
ted. The “conven: 


‘euphotic and meso- 
pelagic zones, is a 


marked contrast to the 


highly developed 
forms of the abyssal 
zone [illustration 6}. 
‘Tho herbivores of the 


agic zones and de: 
tritus feeders on the 
‘sea-bed, Materials are 
constantly carried 
back to the surface 

by the upwelling and 
mixing of seawater 


2Manyfish such as 2 
the sweetlips (Gat. 
erin sp) live in shoals 
~ enormous masses 
of fish that act as one. 
This habit may be a 
defence mechanism, 
individuals being 
protected by their 
large numbers. Shoal- 
19 OF Schooling may 
also be an aid to repro: 
duction as most fish 
ina shoal are of a 


There appear to be 
no leaders and 

the direction of move: 
ment seems to be 
determined by the 
complete shoal 


3 The hatchet fish 
(Sternoptyx diaphana) 
Istypical of the 
luminous fish of the 
bathypelagic, it 
possesses "cold light” 
luminous organs in 

its body that supply 
tho only light to 
waters of this depth. 


4 The catshark or 
skamoog (Holohal- 
aelurus regani)is 
‘2 member of the fam 
ity (Scyliorhinidae) 
of small sharks or 
dogfish that are 
found worldwide. This 
species inhabits 
coastal waters of 
Africa. Like many of 
this family it feeds 
ly on or near 
bed. Its 
sharp, needle-like 
teeth point towards 
its throat. This ar 
fangement ensures 
that even if slip- 
ery prey struggle: 
itis securely held. 


Its large mouth is, 
typical of predatory 
deep-sea fish. In the 
suniess depths there 
"8 very few prey 
species anda large 
mouth is therefore 
essential ifa fish 
Is to obtain enough 
food to survive, 


5 The stone fish sharp dorsal spines, 


When these come in 


(Synanceja verry: 
cosa) is typical 

of the bottom-feeders 
in that itis superb- 

ly well camoutiaged 
‘against the colours 
and textures of its 
background, As a 
further means of dis: 
couraging its enemies 
itis equipped with 


contact with an enemy 
poison is injected 
that is near-deadly 

to man. The stone: 

fish normally lurks 

‘on the sea-bed in 

wait for its prey on 
which it“pounces” 
using its power- 

ful pectoral fins, 
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6 Below 3,000m region come from (1ft) in tength 

(10,000ft) life in the bioluminescent Many deep-sea, 


the world's oceans 
Includes a range of 
animals, many of 
them weirdly shaped, 
adapted to living in 
near-freezing water 
at extremely high 
pressures. The only 
glimmers of light 

in this pitch-dark 


‘organs that many of 
them possess. About 
75% of the free- 
swimming species of 
fish in this region, 
representing 90% of 
the individuals, have 
light organs. These 
fish are small, few 
larger than 30cm 


bottom-dwelling fish 
such as the rat tails 
grow a little longer, 
although much of this 
elongation is accoun 
ted for by the tail 

Few of these benthic 
creatures have light 
organs, but manage 
to feed in darknoss, 


341 


Endangered mammals 


Extinction is a natural enough process; we 
know from fossils that there have been count- 
Jess thousands of animal species on the earth 
that no longer exist today. Man had nothing 
to do with their disappearance, But in the last 
few hundred years the pace of extinction has 
quickened; since 1600 we have lost at least 
36 species of mammals and another 120 are 
now in danger 

A few of these are species that have 
simply reached the end of their natural 
timespan, Evolution has passed them by and 
they are gradually declining under the relent- 
less competition of animals better adapted to 
live and breed. But at least four out of every 
five endangered animals are rare because of 
man’s deliberate or unthinking actions. 


Man's responsibility 

Man has always been a hunter. Indeed, some 
zoologists believe that ancient man played a 
part in the downfall of many American mam- 
mals, presenting these beasts with an enemy 
they were not evolved to cope with, How- 
ever, the traditional hunting of wild animals 
for food and skins can rarely have caused any 


1 The fashion for fur 
coats threatens the 
survival of spotted 
cats of all kinds. 

The cats most in 


3 


danger include the 
leopard, from which 
this coat was made, 
the jaguar, ocelot 
and snow leopard, 


Javan rhinoceros 
Rhinocaros sondaicus 
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extinctions, When an Eskimo hunted the 
polar bear [Key] with dog sled and spear, his 
prey had a good chance of fighting back or 
escaping. Today, the snowmobile and the 
repeating rifle make killing very much easier 
and external demand has pushed up the value 
of skins. If the polar nations ~ the United 
States, Canada, Denmark, Norway and the 
USSR ~ had not signed a convention in 1973 
prohibiting all hunting except for scientific 
purposes or by traditional methods, the polar 
bear might well have become extinct 


‘The threats to mammals 
Three factors have totally altered the effects 
of man the hunter on wildlife: modern tech- 
nology, the world market and man's explo- 
sive increase in numbers, Guns, telescopic 
sights, aircraft and Jeeps with headlights have 
shifted the odds dramatically against the 
hunted and the prospect of selling askin for a 
high price has increased the hunter's motiva- 
tion even further. 

Greed has sent many species to the edge 
of extinction, a process that started when 
seamen from sailing ships clubbed to death 


2 Thetigerwasonce 2 
common throughout 
Asia. An inhabitant 
of wooded areas and 
jungle, it has suf. 
fered much from the 
reduction of i 
habitat but its 
greatest threat comes 
directly from man due 
tothe increased 
availability of fire: 


India for the pro: 
tection of the tiger 


3 The remaining 50 
protected specimens 
of the Javan rhino 
are still threatened 
by poachers in Indo- 
nesia, The powder 
made from its horn, 
is erroneously 
believed to be 

a sexual stimulant 


6 Wrecked super- 
tankers, such asthe 
Torrey Canyon, shown 
here burning violently 
after being bombed 
before it sank off 

the Scilly Island: 
March 1967, thr 
birds and mammals, 
Oil discharged by 


such wrecks impairs 
the insulating effect of 
fur, and as a result 
sea otters, for ex- 
ample, may die of 
exposure. Other 
threats at sea in- 
clude dumped pesti 
cides which contami 
nate food supplies. 


Monk sea! 
Monachus sp 


thousands of puppy seals on the Arctic ice 
boiling them down in huge vats to extract the 
blubber. The same process has continued 
into the 1970s as Soviet and Japanese whal- 
ing fleets have used explosive harpoons and 
giant factory ships to decimate the whales of 
the Antarctic Ocean, just as the British, the 
Norwegians and the Americans extermi- 
nated the Arctic whale herds a century ago, 

Most dramatic of all has been the plight of 
the blue whale [5], the largest animal ever to 
have lived on our planet. Thirty metres 
(100ft) long and weighing up to 10 tonnes, 
three times heavier than the most massive 
dinosaur, the blue whale was once so plen- 
tiful that 200,000 of them lived in the 
Antarctic. By 1963, there were fewer than 
1,000. Since then, under complete protection 
in all oceans, the blue whale seems to have 
slowly increased in numbers. 

Most endangered mammals, however, 
are not threatened by any deliberate act of 
man, Some, especially those that live in 
water, suffer from the effects of pollution [6] 
The Pyrenean desman, for instance, is an 
aquatic mole, an insectivorous animal not 


Tiger Panthera tigris 


5 Blue whale 
Sibbaldus musculus 


4 The kouprey, & 
wild cow of the Cam- 
bodian forests, hi 
probably already been 
hunted to extinction 
by soldiers. It 

could have been 


important in improv. 
a4 Kouprey ing the strains of 
Bos sauvelh 


Asian domestic cattle 


Pyronean desman 
Galemnys pyrennicus 


7 The monk seal is 
extinet in the Carib- 
bean, nearly gone in 
the Mediterranean, 
but survives in Ha- 
wail, The sea otter 
still thrives off Califor- 
ia, but the Pyrenean 
desman, an aquatic 
mole, is on the decline, 


Sen otter 
Enhydra hutns 


CONNECTIONS 
See also 


5 The blue whale is 
the largest animal 
the earth has ever 
known, It has been 
almost exterminated 
for its meat and oil 
bbut it is now thought 
to be recovering, 
although fewer than 
1,000 remain, 


unlike a water shrew, which swims in the 
clear mountain rivers of southern France, 
Spain and Portugal. The development of 
those streams for irrigation or hydroelectric 
Power, or their pollution by pesticides or 
other chemicals, deprives the desman of the 
pure, highly oxygenated water that is its only 
possible habitat 


Introduction and destruction 
Another hazard is the introduction of alien 
forms of wildlife. The monotremes or ege- 
laying mammals of Australia have suffered 
from many such introductions, starting with 
the dingo or hunting dog which the 
Aborigines took with them 10,000 years ago. 
Undoubtedly the greatest danger of all is 
the destruction of a natural habitat [8]. As 
man ploughs up the prairies, fells the rain for- 
ests, dams the rivers, drains the marshes and 
builds roads, towns and cities everywhere, 
the specialized habitats of animals with 
restricted distributions are squeezed until 
they disappear. Many mammals vanish with 
their habitats. The great prairies of the 
United States, over which the Sioux once 


Spanish lynx 
Felis ynx pardion 


Spoctacted bear 
Tramarctos ornetus 


hunted bison, are today ploughed and turned 
over to grain and cattle. Bison survive only in 
a few reserves and smaller mammals such as 
the prairie dog and the black-footed ferret 
that preys on it have almost vanished [9] 

The ethical argument for saving 
endangered mammals is a powerful one: do 
we want our children to know a rhinoceros, 
say, only from picture books? But the prac. 
tical reasons are even more compelling: we 
need wild mammals as genetic resources for 
the future. Cattle, for example, are unsuited 
to many parts of Africa and Australia and 
natural populations of wild game, bucks and 
kangaroos are already being enclosed and 
shot instead. In Asia, the rare wild cow called 
the kouprey [4] could play a role by 
hybridization with the domesticated humped 
zebu cattle of India and the Far East 

Conservation is indivisible. To save a rare 
mammal such as the indri [9] we must pre- 
serve the Madagascan rain forest that is its 
home. And in conserving the rain forest, we 
safeguard the wild plant Coffea bertrandii, 
which may one day allow the plant breeders 
to develop caffeine-free coffee 


8 Thebiggestthreat  % 
to wildlife is the 
damage to habitats 
caused by devolop- 
‘ments like the Trans: 
Amazonian Highway 
The destruction of 
the wilderness de: 
stroys the homes of 
the animals with it. 


Black-footed ferret 
Mustela nigtives 


10 When man allows 
domestic livestock 
Such as these goats, 
to escape he upsets 
the natural ecological 
balance. Because they 
are such voracious 
feeders, 
the food suppl 
native mammals. 


to Tasmania, was ex- 11 
terminated on the 
Australian mainiand 
when the Aborigines 
took the dingo with 

thern from Asia, 


11 The onager has 
been pushed by dom- 
fstic livestock on to 
the most barren pas. 
tures in northern 

Iran. The insect 

eating Cuban soleno- 
don is threatened by 
competition from the 
introduced mongoose, 
while the thylacine, 
very rare and confined 


Key 


Polar bear 


Wildtife’s main en- 
‘omy is man: the pol: 
luter, the destroyer 
of wilderness, the 
introducer of alien 


Onnger 


Equus hemionus onager 


species and the 
hunter, Today at 
least 120 mammal 
species are in danger 
of extermination, The 


Pygmy hog Sus salveniss 


Indes 
Inde indi 


polar bear | Thalare- 
tos maritimus), how- 
ever, is now on the in- 
crease under inter 
national protection, 


9 The pygmy hog 
lives in the rerai, a belt 
of grass and wood- 
land along the Hima: 
\ayan foothills that 
is being carved up 
by local cutt 

ation, tea estates 
and forestry. The 
indrl is a handsome 
tree-living lemur 
from the Madagascar 
rain forests which 
‘are increasingly 
being cleared by 
felling and burning 
The spectactod bear 
lives in forests on 
the high slopes of 
the Andes; although 
human settlement has 
reduced its numbers, 
itis stil wick 
spread in Ecuador 
and Bolivia. The 
Spanish lynx needs 
wilderness to hunt its 
prey and is now con 
fined to a few inacces. 
sible mountain sierras, 
and the Dofana 
National Park in the 
Guadalquivir deita 
The black-footed fer: 
ret lives in the prairies 
of the American West, 
fast disappearing 
under the plough, 
This cultivation de 
stroys the burrows 
of the ferret’s main 
prey ~ small rodents 
called prairie dogs. 


Cuban solenodon 
Sofenedon cubsnus 


Thylacine 
Thylacinus cynocephalus 
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Endangered birds 


There are about 350 species and sub-species 
of birds in danger of extinction, but they are 
not spread evenly among the continents. 
Most at risk are birds with a naturally 
restricted range: those that live in remote or 
small habitats or on oceanic islands. 


The regional scene 
Of the total, there are 30 endangered species 
in the Palaearctic (Eurasian) region; eight in 
Europe and North Africa and 22 in Asia 
north of the Himalayas. On the whole 
Palaearctic birds are widely distributed over 
their huge land mass, but local birds of prey 
such as the Spanish imperial eagle [4] are still 
at risk 

The Ethiopian region (Africa) with 16, 
the Oriental region (South-East Asia) with 
38 and the Nearctic region (North America) 
with 39, have relatively few endangered 
birds. But species such as the ivory-billed 
woodpecker [2], which requires undisturbed 
forest Swamps, and the whooping crane [1], 
which breeds on remote subarctic lakes, have 
suffered from the loss of their habitat and 
from overhunting respectively 


1 Whooping crane 
Guus americana 


1 The whooping 
crane, a survivor from 
the age of the dino: 
saurs, was already 
rare and declining 
when the white man 
first colonized North 
America. No nests 
were found between 
1922 and 1955and 
then the only remain: 
ing colony was dis 
covered in Wood Buf, 
falo National Park, 
Canada, in 1975 there 
were about 50 
whoopers, The birds 
migrate 3,700km 
(2,300 miles) to winter 
in Texas and risk 
being shot en routeby 
sportsmen who mis: 
take them for sandhill 
cranes. Whooping 


year ronly one 
chick, so some eggs 
have been taken for 
captive breeding in 
the hope of event 
ually supplement 

ing the wild flock 


4 The Spanish im- few remote Spanish 
perial eagle once sierras and in 
ranged over Moroc- Europe's last great 


wilderness, the Coto 
Donana national park 
near Seville. This 

is probably Europe's 
most threatened bird, 
with fewer than 100 
individuals surviving 


co, Algeria, Spain 
and Portugal. By 
1975 itbred in only a 


Imperiale: 
Aguila hol 
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The Neotropical region (South and 
Central America), and even more so the 
Australasian region, have more primitive 
bird fauna than the great continents of the 
Northern Hemisphere. Their unique forms of 
bird life are probably ~ on an evolutionary 
time scale ~ on the way out. And man has 
greatly hastened the process by destroying 
habitats and by introducing predatory mam- 
mals such as dogs, cats, pigs, goats, stoats, rats 
and foxes. These attack ground-nesting or 
flightless birds or damage the vegetation on 
which the birds feed. As a direct result, 69 
Neotropical and 41 Australasian birds were 
on the endangered list in 1975. 

The greatest number of species at risk, 
117 in all, come from the oceanic islands 
where isolated environments house only a 
relatively few species that originally emig- 
rated from the continents. Once on the 
islands, many of these birds evolved distinct 
races and even totally new species and the 
restricted size of their new homelands meant 
that they never built up large populations. 
Man has threatened these birds in three main 
ways: by destroying vegetation, by intro: 


ducing competitors and by overhunting, 

The Pacific Ocean islands have an 
alarming total of 84 endangered species, The 
Hawaii group is a striking example, with no 
fewer than 29 species at risk 

Overall, 32 per cent of all endangered 
bird species are believed to be rare primarily 
because of natural causes. Hunting threatens 
another 24 per cent, introduced predators 11 
per cent and introduced competitors three 
per cent. For the remaining rarities, destruc- 
tion of habitat is the greatest threat, endange- 
ring 30 per cent of rare birds. 


Organizations to the rescue 
The statistics of threatened birds, together 
with those of animals and plants, are com- 
piled by the International Union for 
Conservation of Nature and Natural 
Resources (IUCN), an international scienti 
organization with headquarters in Switzer- 
land. The IUCN has compiled detailed Red 
Data Books for all endangered mammals and 
birds and for some reptiles, amphibians, fish 
and plants. 

An IUCN fact sheet describes the present 


2 Theivory-billed 
woodpecker is ono of 
the rarest birds in 

the world. Itis 
possibly extinct 

now in southern 
parts of the United 
States. An inhabi 
tantof primeval 
swamp forests, itis 


Wvory-billed woodpecker 
Compephius principalis 


3 


3 The flightless puna 
Grebe is confined to 
the shallow water of 
Lake Junin, 4,084m 
(13,400ft) up inthe 
Peruvian Andes. 

The lake is becoming 
increasingly polluted 


Although ithasbeen & 
well protected in 

its Donana breeding 
grounds, it may soon 
die out completely > 
unless farmers out 

side the protective 


limits of the park A 


can be persuaded to 
‘stop shooting it, ore 


Siberian white crane 
Grus leucogaranus 


ISarus crane 
rus antigone 


Hooded crane 
Grus monacha 


Y Block-neckederand\ 
a, > Grus nigricotlis 

) 
]} 


Japanese crane 
Grus japonensis 
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extremely shy and 
may desert its nest 
evenifitisonly 
watched. Indian chiets 
‘once adorned thei 
belts with its bil 
and plumes; now tree 
felling has removed 
most of the big trees, 
in which it breeds. 


Puna grobe 
Podiceps taczanowshil 


with mine effluent, 
sewage and run-off 
from eroded farmland, 
Hopefully, Peru 

may soon declare 

this potential 

tourist attraction 
national park. 


5 The Asian cranes 
are survivors from 
the warm, wet 
swampsof the Pi 
stocene. Never com- 
mon, their numbers 
have been greatly re- 
duced by hunting and 
the loss of the wide 
marshlands in which 
they nest and winter. 
The magnificent Jap- 
anese crane plays a 
major partinthe 
nation’sfolklore and 
legend and was rigidly 
protected by the medi- 
‘eval nobility. It 

breeds rapidly in 
captivity and 33 per 
cent of its popula- 

tion is now in zoos, 
Carefully protected 
today, it is slowly 
onthe increase. The 
hooded crane, which 
winters in Japan, is 
faring even better 
Less is known of the 
black-necked crane, 
which nests on re: 
mote lakes deep 

inthe highlands 

of central Asia. 


and former distribution of every threatened 
species, its estimated numbers, the presumed 
Teasons for its decline, the numbers held in 
aptivity and their breeding potential, and 
finally the protective measures already taken 
and those proposed. The sheets are colour- 
coded: green pages are for those species that 
have recovered so well that they are off the 
immediate danger list and red for those that 
are now on the verge of extinction 

Experts from IUCN decide, on a strictly 
ntific basis, what must be done to save 
each species and draw up action plans in 
consultation with the authorities in each 
country, But implementing these schemes is 
another matter and here the World Wildlife 
Fund (WWF) plays a key role. WWE has an 
international organization based, like 1UC 
in the small Swiss town of Morges, near 
Geneva, but it also has national groups in 
many countries. It is a propagandist and 
fund-raising body, charged with cajoling and 
Persuading national governments to take 
action to save the world’s living heritage and 
with raising the money that alone makes 
IUCN’ plans possible, IUCN and WWE work 


closely together, but they have quite distinct 
roles. WWE cannot lay claim to IUCN'sscien- 
tific expertise, which goes far beyond the 
sphere of endangered species to include 
every aspect of the rational use of natural 
resources, whereas IUCN would not wish to 
involve itself in WWF's activities. 


People must help 
Together, IUCN and WWF have pulled a 
number of birds back from the brink and 
focused attention on many others. Without 
them, the Coto Dofana in southwestern 
Spain would not have provided a sanctuary 
for the imperial eagle [4] and the Galapagos 
hawk [10] might have disappeared entirely 

But although money and advice are neces- 
sities, in the last resort conservation depends 
on the determination of the local people 

Unless, for example, the Peruvians cease to 
pollute Lake Junin, the pufa grebe [3] will 
become extinct, and the Filipinos themselves 
must decide whether they prefer to have their 
monkey-eating eagles [6] live and flying over 
their forests or dead, stuffed and mounted as 
specimens in glass cases, 


6 Monkey-eating uy /Z 6 Thekniivends. 7kpkapo 
SMI Le Paani seaiea Stipess hebranulie 
pling ——= of the Philippines 

fs have been reducedto 


fewer than 100. This 
results from the 
destruction of their 
forest habitat and 

a demand for speci- 
mens dead or alive, 


9 Kogu 
inochetos jubatus 


New Caledonia. t 
is threatened by intro. 
duced predators such 
ascats, pigs, rats 

and especially dogs. 


heron, 
isconfined to the 
remote forests of 


10Galapagos howk 
Buteo galapagoensis 


Birds in danger are 
found in all the zoo- 
geographical regions 
ofthe world, The 
species illustrated 
onthese pages are 


keyed numerically 
inthis map. Nearly a 
third of the world's. 


10 The Galapagos 
hawk is a type of 
buzzard that lives 
only onthe Galapa. 
gos Islands. Habitat 
destruction by goats 
‘and shooting by chick: 
en farmers have re- 
duced the population 
to about 200 birds. 
Protective measures, 
forexample the 
removal of the 
introduced goats, are 
proving successful. 


11 The King of Sax- 
‘ony bird of paradise 
isone of the world’s 
rarest birds and now 
onthe verge of ex- 
Tinetion. Its range 
extends from the 
Snow Mountains to 
the Central High 
lands of New 

Guinea. The export 
trade in plumes was 
bannedin 1924, but 
illicit trading contin- 
ues. Its survival is 
also threatened by 
the destruction of 
its forest habitat 


total of endangered 
birds resides 

on oceanicislands. 
The chief reason for 
thisis that they have 
tended to become 
highly specialized in 
habitats that are 
severely restricted 


B Noisy scrub bud 


Atrizhomnvs elomon 


7 The New Zealand 
ground owl-parrot or 
kakapo began to de. 
cline with the arri 

val of the Maoris, 
Predators introduced 
from Europe and de 
forestation have 
reduced its numbers 
to fewer than 100. 


11 King of Saxony 
bird af paradise 
Providophora 
alert 


ineres. Man has 
posed a three-fold 
threat to bird 
species through de- 
struction of their 
habitats, by the 
introduction of pred- 
ators and compet 
tors, and by hunting. 


8 The noisy scrub 
bird of Western Aus 
tralia lives in dense 
coastal scrub, Until 
rediscovered in 1961 
at Two People Bay, 
near Albany, ithad 
not been recorded 
since 1889 and was 
thought to be extinct. 


Endangered species 


A great deal is known about some 300 mam- 
mals and birds thought to be in danger of 
extinction, but very little about the many 
other threatened species. One estimate sug- 
gests that 20,000 plant species may be 
threatened, but detailed information exists 
for only a few hundred of them. There is a 
little more data about amphibians, and about 
endangered reptiles such as snakes, turtles, 
lizards and crocodiles, as well us freshwater 
fish, at least in Europe and North America 
But there is an almost total lack of knowledge 
about endangered butterflies [7-10] and 
other invertebrates, nor is it known how 
many marine inhabitants are threatened by 
man’s pollution of the sea 


Value of wildlife 
Inall, $0,000 or even 100,000 species of ani 
mals and plants may be endangered, largely 
8 a result of man’s activities, and despite the 
Washington Convention (1973) banning 
trade in rare species and the various kinds of 
products made from them, 

Some of the world’s disappearing wildlife 
has no obvious value to man but because all 


1.Grwen tun 
Cholonia 


1 The green turtle 
buriesitseggsona 
few tropical beaches 
inthe Atlantic, 
Indian and Pacific 


itis gen- 
erally reduced in num, 
bers. Conservation 
combined with cap 
tive breeding can 
increase yields of 
these products while 
saving wild stock 
from extinction, 


4 Pino Barrons tree frog 
Hyla anderson) 


4 This tree frog is 
mainly restricted to 
the pine barrens re. 
gions of New Jersey, 
USA. itmay 

also surviveina 
fewsmali coloniesin 
Georgia and North 
Carolina. Its swamp- 


housing by drainage, 
and for recreation 
by manipulation of 


lake levels, An. 
tractive, bright 
green frog which is. 
also collected for 
the pettrade, it 
hardly ever breeds 


landhabitatisbeing ——_incaptivity. At 
steadily developed least 70 othr amphi: 
for industry and bians are endangered. 
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species of plants and animals are ultimately 
interdependent the loss of one or two of them 
can critically affect others in such a way that 
species of economic importance may them- 
selves become involved. 

Many endangered species, however, have 
actual or potential economic value in them- 
selves. The marine turtles [1], for example, 
are the basis of an industry in meat, eggs, shell 
and oil, and if they were carefully harvested 
or even farmed they could provide an income 
for many more years. Komodo dragons {2] 
may seem useless curiosities, but tourists vis- 
iting Indonesia pay to see these 3m [10ft] car- 
nivorous monsters. 

Some fish species may seem useless at 
present, but the need to produce food from 
the most unlikely sources may give them an 
unexpected value in future, The endangered 
Moapa dace (5). for example, which is found 
only in a few warm springs in Nevada, might 
one day be used to breed fish that could be 
grown commercially in the heated effluent 
from electrical power stations. Sport 
fishermen willingly pay substantial sums to 
fight unusual fish like the Gila trout [6] 


3 The Siamese croc- 
odile, now almost 
extinctin the wild, 


Thailand. All species 
of crocodiles and 
alligators are en- 
dangered by hunting: 
their hides are used 
forhandbags, suit- 
cases and shoes. The 
best conservation 
istherefors to breed 
incaptivity for 
commercial demand, 


SMoapa dace 
‘Moapa coriaces 


4 
5 The Moapa dace 
has probably always 


been confinedtoa 
few warm springs at 


thermal springs are 
now being appropri 
ated forcommercial 
purposes, and alion 


the headwaters of introductions such 
the Moapa River, in as bullfrogs andthe 
Nevada, withitsnum- — mosquito fish (Gam- 


bers never much 
higher than the pre 
sent 500-1,000, The 


busiaspp), are alter. 
ing the delicate 
ecological balance. 


Insects are often involved in biologi 
control of pests as natural predators or p: 
sites to reduce the numbers of a plant or 
animal harmful to man. The relentless spread 
of impenetrable thickets of a South 
American cactus called the prickly pear 
(Opuntia sp) across the sheep lands of 
Queensland was stopped only with the help 
of an unexciting moth from the Argentine, 
Cactoblastis cactorum. Its caterpillars feed 
naturally on prickly pear, and when the moth 
was introduced to Australia 60 years after the 
cactus, it soon gnawed the pest to the ground 


Endangered plants 
Endangered plants have perhaps even more 
potential uses than threatened animals, 
although some flowers are worth saving for 
their beauty alone. The fragrant Calabrian 
primrose [11], for example, might prove a 
profitable line for seed and garden firms. But 
other plants have provided man with a re- 
markable variety of useful products, Drugs 
such as aspirin and the heart medicine 
digitalin; drinks such as tea and coffee; all of 
his vegetables and fruits; pepper, nutmeg and 


2 Komodo dragon 
Vovanus komodtoensis 


2 The largest lizard 
inthe worlds the 
Komodo dragon, 3m 
(10ft) long, which 
isconfinedto four 
Islands tothe east 


of Java. Thereitis 
mainly threatened 
by human hunting of 
the deerand wild 
pigs on which it 
depends tor food. 


6 This splendid golden- 
yellow trout, unique 
tothe Gila Riverin 

New Mexico, has 

been depleted by clear- 
felling of watershed 
forests (causing ero: 

n), and dam build 
ing leading to flue 
tuating water levels, 


CONNECTIONS 


Although between 
2,000 and 5,000 still 
Survive, most of 

re males and 
re only 400 
mature females. 


Siamese crocodile 
Crocodylus siamens) 


jalmo gilee 


Competition trom 
introduced game fish 
has reduced it still 
further, and the Gila 
troutis now confined 
to Diamond Creek 
and other streams, 
Aconservation pro- 
grammeisalready 
showing good results. 


other seasonings; jute and other fibres; tim- 
bers, dyes and hundreds of other substances 
were all developed from what were originally 
wild plants. Man's warfare has endangered, if 
not exterminated, one of them, The source of 
the yellow pigment gamboge yellow, the tree 
Garcinia hanburyi, has been severely 
threatened by defoliation in its native habitat 
in Vietnam and Cambodia 


What to do? 
For a few of these endangered animals and 
plants special reserves can be set up, but all 
must rely on man for the preservation of their 
habitats, The chain of reserves established by 
the Indian government to save the tiger from 
extinction is of equal value to hundreds of 
less dramatic but equally endangered species. 
In practice, there is no way of conserving the 
tiger in the wild without conserving the com- 
plex ecosystem of which it formsa part. Simi- 
larly, protection for the giant otter means 
protection fora whole area of the Amazonian 
rain forest 

There are some endangered species, of 
which the marine turtles and the crocodiles 


7 Insecticides. collec- the decline of many 


torsandthedestruc- — ancecommon species 
tion of habitats are Such as the splendid 
three main threats Apollo, found over 


to butterflies, but 
tittle is known about 


much of Europe 
and northern Asia 


7-Apollo butt 


Parnassiux apoio 


9 Collectors and 
forest clearance or 
agriculture threaten 
the Victoria birdwing 


In New Gi 
single birdwing once 
fetched $1,875 at 
anauction in Paris. 


ina, A 


12Po0e Knights brush ily 
Xeranema callisteman 


12 This New Zea- 
fand brush lily, with its 
brilliant, sword. 
shaped flowers, is 
already extinct onthe 
mainiand, The off 
shore Poor Knights 
and Hen and Chic 
kens Islands were 
made reserves and 
Protect the species 
fromthe feral pigs, 


are good examples, where the risk comes 
from over-exploitation by man. Here there 
are Several ways in which conservation can be 
designed (o ensure that a renewable resource 
remains to enrich future generations. One 
method is to limit the number of animals that 
may be killed or eggs that may be taken. 
Countries from Borneo to the West Indies 
are trying to do this for the green turtle [1] 
with the aim of taking no more than a suitable 
crop. Another technique is to collect turtle 
eggs and hatch them in captivity, releasing 
the young when they are a year old and past 
their most vulnerable stage. This method can 
replenish populations and sometimes even 
increase wild stocks 

A third system is to breed the animals 
entirely in captivity, as happens on crocodile 
farms in several countries (3), so that the 
best-quality hides can be collected from 
known sources and a complete ban placed on 
killing animals in the wild. A fourth possi- 
bility is semi-domestication. One day, herds 
of adult turtles may be pastured on fields of 
seaweed and cropped for eggs and meat, just 
as chickens are cropped by t poultry farmer 


8 Large copper 
Lyeaena dispar 


»~ 
- 


f 
2e 
e 


10Brown glasswing 
Ditcenne vavine 


10 The Trinidad sub- 
species of the south: 
ern brown glasswing 
af Ecuador is con 
fined to the southern 
partof the island. It 
lives in scrub, much 
of which has been 
destroyed by agri- 
cultural fires. 


1351 Helena redwood 
Trochetia erythroxylon 


13 This unique red- 
wood, now down toa 
single tree, stands on, 
the isolated island of 
StHelena inthe 
South Atlantic. The 
island was once thickly 
forested but has been 
eaten bare by goats 
introduced since its 
discovery by Euro. 
peansin 1502. 


’ 


‘The use of insect- 
icide sprays, the 
fashion for reptile. 

skin handbags and 
wallets, and the 
incorporation of 
pressed flowars into 


tion and, unlike the 
threatened mammals 
and birds, the number 
of endangered plants, 
insects, fish, reptiles 
and amphibians is 
largely unknown. 


goods such as book- 
marks together 
threatena huge 
number of species. 
As many as 20,000 
plant species may be 
In danger of extinc: 


8 Thelast individual 
of the British race of 
the large copper but. 
terfly was recorded in 
1848, Extinction re: 
sulted trom over. 
collecting and local 
disappearance of the 
food plant of its cater: 
pillars, the great 


water dock, with the 
draining of the fens 

in eastern England. 
The Dutch race, 
which has become rare 
for similar reasons, 
was introduced to 
Wood Walton Fen, 
England, from the 
Netherlands in 1927. 


11 Calabrian primrose 
Pummuta patinuri 


‘11 The Calabrian 


primrose, a sweet- 
smelling specias, is 

limited to two areas | 

near Cape Palinuri, 

in southern Italy. 

Greatly reduced by 

grazing and picking, = 
itneeds total pro 


tection in the wild, 14 Cooktown orchid 
Dendrobium bigibbum 


14 The Cooktown 
orchids the state y 
emblem of Queensland 

and, although pro- 
tected, is avidly col- 
lected from the north 
Australian rain for 
ests forsale and.cul- 
tivation. Its flower 4 
hangs from the small 
pockets of humus in 

Which it lives. 
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Destructive man 


Of all the creatures alive on earth man is the 
most destructive. As Mark Twain expressed 
it, "Man is the only animal that can blush or 
needs to”. For millions of years man has been 
destroying his environment, by activities usu- 
ally attributed to his intelligence. What is 
meant, of course, is that man's superior 
intellectual ability, his power to reason, has 
enabled him to seek and find ways of exp- 
loiting his environment that have never been 
discovered by other animals. This intelli- 
has largely protected him from the 
adverse effects of this exploitation 


The overcrowded planet 

It is now becoming increasingly clear that the 
earth's resources are not limitless. The speed 
of change and the mumber of new methods of 
extracting and exploiting natural resources 
continue to increase. The greater “wealth” 
produced by these new methods enables an 
ever-growing human population to survive 
on the planet, although paradoxically it does 
not raise the overall standard of life for these 
millions — there are more people today than 
ever before living at unacceptably low stan- 


1 The whaling indus- 1 
try is probably the 
most efficient, ruth- 
less and myopic of 

all man’s industries 
based on the exploit 
ation of the animal 
kingdom. So effective 
has whale-catching 
become, with its 
huge factory ships, 
sonar, radar and 
spotting aircraft, 

and its explosive 
harpoons, that the 
great whales are 

easy prey. The 
whales, properly 
harvested, could 
provide an enormous 
and continuing source 
of fat and protein, 
Instead the indus: 

try, until recently, 
greedily overkilled 
the whales, reducing 
species after species. 
to near extinction, 
The graph shows 

the dectine in 

numbers killed 

of three species. 


Sibbeldus musculus 


Fin whole 
Balaenoptere physol 


q 
3 
g 
3 
3 


3 Grassiands can 
support a wide range 
of wild animal 
grazers, browsers, 
predators and bur. 
rowers ~ all making 
use of different 
parts of the system, 
1B, C, D]. Many 
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are migrants, which 
allows the grass 

to regenerate, Some 
grasses are well ad- 
apted to withstand 
fire and one species 
sends its seedlings 
spiralling below 
ground away from the 


Balaenoptera borealis 


dards. And as the human population growsit 
becomes necessary to devise even more 


ingenious methods of supporting the 
increased numbers 
There are many signs that the earth's 


natural systems are fast approaching the 
limits of their ability to cope with growing 
human numbers, and advanced technology is 
rapidly using up natural resources. ‘The 
innate ability of the environment to recover 
from attacks on its fabric is also in doubt, 


Vanishing forests 

Initially, destructive man was no more than a 
minor nuisance to nature. His tree-felling 
of no great consequence because the for- 
ests soon returned to their former area and 
density after man had moved on. This system 
of agriculture [7] is still practised in some 
unfortunately, due to expanding 
human populations and diminishing avail- 
able land, the slash-and-burn cultivators 
return to the same patch of forest within two 
or three years, rather than after a generation 
or more. AS a result, the soil has no time to 
recover between successive onslaughts. 


areas: 


2 
Blue whal a c 


ee 
aa. 


heat [A], The coming 4 The destruction of 
ofmanandtoomany grassland by cattle 
domestic cattle has is particularly 


spelt disaster [E) 

The large herds 
compact the soil, 
overgraze the grass 
and are both 

fecund and protected. 


severe in the Masai 
lands of East Africa, 
And the Masai do not 
cull their cattle for 
food but rather 

regard them as wealth, 


Apart from the demands of agriculturists, 
both shifting and static, the world’s great for 
ests are under increasingly acute pressure 
from the timber industry. The tropical rain 
forests, thought to be the most ancient wild 
habitats on earth, are fast vanishing. It has 
been estimated that every minute some 5.6 
hectares (14 acres) disappear. The results are 
manifold. Interesting, attractive and impor- 
tant animal species are exterminated and 
huge numbers of valuable and potentially 
valuable plants wiped out. The significance of 
this is that all man’s cultivated vegetables 
were once wild plants and that many drugs he 
depends on are plant derivatives 

The rain forests often grow on poor. 
infertile soil and when the forest cover is 
removed all that is left is barren desert. Forest 
destruction has led to erosion, flooding and 
adverse climatic changes. But still the clear- 
ance goes on, partly because trees represent a 
good source of income but also for more 
primitive reasons. Man still regards wild 
forest - the “jungle” ~ as a challenge and 
something to be tamed. 

Other habitat types are being destroyed 


2 Modern man has 
little use for ponds 
as wate 

for animal 
stead of preserving 
these thriving eco- 
systems he has 
destroyed many of 
them through pollu: 
tion and land recia: 


mation, Pond life |s 
threatened by the 
excessive use of 
fertilizers, pest 
icides and herbi 
cides [A], by the 
rusty residue from 
dumped cans and 
other metal [B] and 
by rubbish-tipping 


CONNECTIONS 


ona larger scale 
{C}. Other pottut 
ants reach ponds as 
run-off from road 
drains [D] and con- 
tain oil, rubber 
deposits, petroleum 
and tar. Bulldozers 
[E] of reciaimers 
obliterate ponds, 


around the world for much the same reasons. 
Other forms of destruction, however, are 
more insidious because their effects are less 
immediately obvious. Man has introduced 
alien animal and plant species into new 
environments, often with motives no more 
evil” than to bring familiar creatures with 
him to a new land to remind him of home. 
The consequences have been disastrous 
when the native fauna and flora have been 
unable to compete successfully with these 
introductions 


Man the oyerhunter and polluter 
Man has overhunted with ferocious prodi- 
gality, both for food and for sport. He has 
tried to graze his cattle on semi-arid lands 
where they do not do well but simply oust the 
better adapted native wild animals. He has 
introduced rabbits, donkeys and goats to 
‘oceanic islands as a future source of food with 
an unfailingly tragic effect on the simple and 
fragile ecosystems. In the sea he has over- 
fished [1] 10 such an extent that yields have 
declined drastically 

Man's greatest threat to his environment 


Kay to birds 5 ‘§ 
1 Pantidge 

2 Pheasant 

3° Lapwing 

4 Skylark 

5 Dunnock 

8 Wren 

7 Blackbird 

8 Com bunting 
8 Yellowhammer 
10 Chaftinch 

11 Robin 

12 Blue tit 

13 Whitethroat 
14 Great tit 

15 Songthrush 
16 Carrion crow 
37 Long-tailed tit 
18 Kestrol 

19. Greenfinch 
20 Moorhen 

21 Reed bunting 
22 Sedge warbler 


5 As man’s numbers 
have increased, along 
with his growing 
technological exper- 
tise, s0 the demand 
for land has risen, 

All man’s activities 
seem to need more 
and more land. And 
not only is the land 
itself vanishing but 
the acres that remain 
are being farmed ever 
more intensively 
This diagram shows: 
the effect on bird 

life of the modern 
trend towards one- 
crop agriculture and 
its ruthless removal 
of such traditional 
country features as 
hedges, streams, 
ponds and trees 
These features are 
thought by some 
farmers to interfere 
with efficient agri: 
cultural practice in 
an age when farming 
is increasingly 
mechanized. Fortun- 
ately farmers are 
coming to realize 
that the retention 

of pockets of natural 
habitat, even on the 
most modern of 
farms, can repay them 
amply. Apart from 
aesthatics, the in 
sect-eating birds 
they support, for ex- 
ample, can be more 
efficient than any 


chemical insecticide. 
Hore, 22 species 

have been reduced to 
four by the removal of 
the stream and hedges, 
and the altered 
environment has not 
attracted any new 
species, either breed 
ing or non-breeding, 


lies in his technology. Rivers and inland 
waters, and even some seas, have been 
stripped of their wildlife by the mounting tide 
of noxious industrial waste and untreated 
sewage that is pumped into them. While the 
Rhine and Danube rivers are grossly pol- 
luted, and the Baltic and Mediterranean seas 
are fast becoming sterile, it is still barely 
recognized that it costs more to counteract 
the effects of pollution than to install non- 
polluting processes initially 

‘The construction of dams for irrigation or 
hydro-electric power can have serious 
ecological drawbacks. The Aswan High Dam 
in Egypt has blocked the nutritious flow of 
silt to Lower Egypt and has affected the 
inshore fisheries in the eastern Mediterra- 
nean by reducing the flow of Nile water to the 
sea; the silt itself, building up behind the 
dam, is already causing great concern. 

The chemical revolution on the farm has 
increased yields but may ultimately prove 
self-defeating. An insect pest may become 
resistant to one pesticide, while some pes- 
ticides inadvertently kill the natural pre- 
dators of the pests, 


9 10 11 8 Early European 
settlers were lured 


4 5 _— fs 


Key to symbols 


Breeding 
resi 

lost 
habitat 
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Grey squirrel 
Seirus 
carolinensis 


Man's introduction 
of alien or exotic 
species has resulted 
in the destruction 

of the environment 
because the effects 
of the introductions 
were unforeseen 
and often disastrous 
The grey squirrel, 
for example, was 
introduced to Britain 
from its native 
America, for no good 
reason, in the early 
19th century. It has 
now spread [A] toa 


large part of the UK, 
ousting the native 
red squirrel (Sciurus 
vulgaris) [D] which is 
unable to compete. 
The grey squirrel 

isa pest because of 
destruction of 

the bark of trees such 


as beech, sycamore, 
larch and oak (8). 
Italso feeds on 


birds’ eggs and 
young birds [E] 

In fact it finds 

Britain an ideal home. 


the American West 
by a vast, fertile land 
with native wildlife 


and vegetation well 
adapted to the 


protective grasses, 
the soil simply blew 
away during a pro- 
longed drought in 
the 1930s, leaving 

a dust bowl. At the 
time, the farmers 
were driven away 
but some land has 
now been reclaimed. 


climate. Man, how- 
ever, ploughed the 
land, planted crops 
(mostly wheat) and 
introduced domestic 
cattle. No longer 
held together by 


‘crop for only 
a year or two. The 
people thon move on 
toa new area of 

forest and repeat 

the process, Untor- 
tunately, due to 
diminishing forests 
and increasing human 
populations, the 
cultivators are re- 
turning ever sont 


long been felled by 
man to provide space 
for growing crops. 

The technique shown 
here is called slash and 
burn. Because most 

of the forests grow 

on rather infer 
soils the cleared 
areas will support 
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The plant kingdom 


Traditionally, the plant kingdom is studied in 
two distinct halves, the lower or non- 
flowering plants and the higher or seed- 
bearing plants. The lower plants include 
algae, mosses, ferns, horsetails and club 
mosses, while the higher plants consist not 
only of the well-known profusion of flower- 
ing plants but also most trees and shrubs. 

Many plants have two “forms”, one 
sexual, the other asexual or vegetative. This is 
known as alternation of generations. In the 
simplest plants the sexual form is the 
dominant - in land plants there has been a 
shift of emphasis to the asexual phase, cul- 
minating in the flowering plants where the 
sexual phase is reduced to a few cells. 


traced back to simple single-celled plants 
similar to Euglena [1], which reproduce 
asexually by mitosis, the process whereby a 
nucleus reproduces itself without any change 
in the number of chromosomes. 

Relatively early in the evolutionary tree, 
fungi (3], mosses and liverworts [4] appeared. 
The latter group, called Bryophyta, has 
developed multi-cellular sex organs and 
shows affinities with the ferns and horsetails. 
The fungi developed independently of green 
plants as a highly specialized group con- 
taining no chlorophyll (the green matter that 
uses the sun’s energy to manufacture food) 
and were therefore unable to obtain food by 
the photosynthesis characteristic of all green 
plants, Fungi are either parasites on other 
living creatures, or saprophytes that obtain 
energy from dead organic matter. However, 
the absence of chlorophyll has not impeded 
through evolution by natural selection, allare the fungi’s success as a group ~ they have 
descendants of a small fraction of the pro- evolved to produce a great number of species 
geny of earlier species [Key]. Those carly diverse in form and function and are of 
species. less fitted for competition under importance in the economy of the living 
natural conditions, mostly became extinct. world: with the bacteria, they form the most 
Ancestry of the major groups of plantscanbe important decomposing agents and they are 


Early plant types 
Today, more than 400,000 species of plants 
have been described and it is thought that, 


1 Euglenoids are 
some of the simplest 
of all plants. Euglena 
spp are micro- 


is converted to 
chemical energy by 
green plants. Eugle- 
noids have a world 
wide distribution in 
fresh and salt water 
and these are just 
two of about 10,000 
living species of 
single-celled plants, 


celled 
freshwater algae con: 
taining chlorophyll, 
which live by photo- 
synthesis - the pro- 
cess whereby sunlight 


Corallina officinalis 


2 Red algae are 
mostly deop-wator 
weeds. They 

show great diversity 
of form, from unicellu- 
lar to ribbon species. 


Phocus pyrum 
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Phylitis scolopendrium 
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5 Ferns, unlike bryo- such as the treo- \ ee i 
phytes, are mostly ferns of tropical re: Se 
large plants. Anatom- gions. Ferns have an ~ 4 
ically they differ interesting life - 
from bryophytes in ae 
Horsotail 


having special water 
conducting cells. 
They also have a ro 
gion of growing cells 
=cambium — which 
allows the develop- 
ment of larger plants 
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Equisetum palustre 


asexual stage. It pro: 
duces spores which 
grow into the small 
and inconspicuous 
sexual stage. 


the scavengers of the plant kingdom, The CONNECTIONS 


fungi and algae combined to form the lichens. 


Ferns, clubmosses and horsetails 

Among the next group of plant types are the 
pteridophytes — ferns [5], clubmosses and 
horsetails [6]. These include about 10,000 
species and as a group show much variety of 
form — in particular the specialization in 
which cells for conducting water up the stem 
lose their chlorophyll to form a central tube 
of dead tissue. These tubes may then split 
into parallel tubes and branches, With the 
development of the vascular system and a 
growth tissue (cambium) plants of larger and 
more complex shape became possible. The 
primitive life cycle with two generations, one 
sexual (gametophyte) and one asexual 
(sporophyte) became more complex. In ferns 
the gametophyte generation is suppressed 
and gives rise to the dominant sporophyte 


‘The range of seed plants 
A major development was the evolution of 
seed plants or Spermatophyta — distinguished 
by the formation of seed during reproduction 


Moss 
Atrichum undulatum 


4 Mosses and liver- 
worts aro together 
classified as bry 
phytes, a group that 
has multicellular sex 
organs and no true 
conducting or vas- 
cular system, There 
bout 25,000 
occurring in 
all parts of th 
world, but mo 
dividual plants are 
‘small and inconspicu 
ous. They are import 
ant in the formation 
of soils in many 
barren rogions. 


muscurie 


3 Fungi contain no 
chlorophyll and must 


green plants or as 
saprophytes on dead 
or decaying matter, 


Coast redwood 
Sequola sempervirens 


6 Horsetails are 
1d to ferns and 
have cylindrical 

"¥eaves”, borne in 


7 Gymnosperms are 
‘one of the two main 


of gymnosperms is 
the cone-bearing cont: 
groups of seed:bear- —_ fers. The coni 
ing plants. They are ——_wind-pollinated and 

the group bearing nak. seed fertilization can 

ed seeds and have be a complex process, 
naked ovules with two taking many years for 


re produced in cone- 


like structures atthe or more cotyledons, the development of 
tips of fertile stems, Nogymnospermhas the polien, ferti 
They are “living sepalsorpetalsand —_fization and finally 
fossil" relatives of each flower is unisex- for the matura- 


giant Devonian trees. ual. The largest class —_tion of the seed, 


[7] and [8]. These now form the main vegeta- 
tion over most of the freshwater and land 
surfaces of the earth and some specialized 
plants have even adapted to colonize such 
inhospitable regions as salt marshes, tundra 
and deserts. The number of seed plant 
species is estimated at more than 250,000 
and included in them is a fascinating variety 
of form and size. The smallest plant in the 
group is rootless duckweed Wolffia, a tiny 
green aquatic globular plant less than one 
millimetre in diameter; the largest are the 
giant forest redwood trees such as Sequoia 
sempervirens which can grow to 100m (330 
ft) or more in height 

All the plants in this group produce seed, 
almost all by sexual reproduction, Pollen 
grains are produced by male organs and egg 
cells form in the female ovule, A pollen grain 
then fuses with an egg cell to produce an 
embryo in a seed. The cycle from seed to 
seed-producing plant can vary greatly in 
length and many annual weeds have very 
rapid life cycles - shepherd's purse (Capsella 
bursa-pastoris) can complete a life cycle in 21 
days. After producing seeds shepherd's purse 


Autumn crocus 
(monocotyledon) 
Colchicum autumnale 


8 


9) 
ee = 


11 Two major theor- 
lesexistonthe way the flower (4]. The 
flowering plants pseudanthemum 
evolved. The euanthe- theory [B] supposes 
mum theory [A] sug- that flower evolution 
gested that the an- began with a complete 
cestral flower was flower head with 
fern-like with separa- both male [5] and 
lel1Jandte- female (6] flowers, 
male (21 parts or which gradually 
Sporophylis. These —_—_{7, 8] became more 
then folded over |3] and more condensed 


to produce parts of 


L—§—_q@)——___4 
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dies but perennial plants can live {0 a great Gustomary_ 
‘age. Some specimens of the bristle-cone pine 
(Pinus aristata) may survive to be nearly 
5,000 years old. Tevay 

Seed plants may be distinguished from 
other types by their flowers [10]. which nor- — 
mally have conspicuous petals or sepals (the 
leaves enveloping the flower) surrounding 
the reproductive organs, There are some 4. — 
seed plants apparently without flowers, but —_ 
all have obvious pollen-producing organs Tassie 
and ovules. Bark surrounding the stems of — Permion 
woody seed plants is another characteristic of 
the group, asis a large, extensive root system. 

Vascular plants have special pores or evonisn 
openings in leaf surfaces called stomata [12]... — 
These normally have two kidney-shaped 
guard cells capable of shrinking and swelling Owovicion 
to close or open the pores and by this means 
the rate at which water droplets transpire 
from the surfaces of the plant can be COn- pleats have ial 
trolled. This is most clearly seen in plants through the ages 
with special adaptations to drought condi- from simple unicell- 
tions; plant species growing in deserts have ar Per neatn 
stomata that are also structured with hairs to CpmmPlex flower 
aid water conservation. inthe world today, 


Cretaceous 


Carboniferous 


Cambeian 


8 Angiosperms are 9. 
‘seed-bearing plants 
with ovules enclosed 
in ovaries. They are 
divided into mono: 
cotyledons (one seed 
: parallel-veined 
javes) and dicotyled- 
Ons (two seed leaves; 
net-veined leaves) 


9 Angiosperm fruits 
ow an evolutionary 
‘sequence from one 
ovary with many 
ovules, as in the sugar 
apple (Anona sp) [A], 
to an ovary with one 
in wheat 

8p) [E], or 

‘a number of ovaries 
with many ovule: 
inthe tomato (Lyco- 104 
persicum sp) [F}. 

The cherry (Prunus 

sp) {8}, walnut 

(Juglans sp) [Cl and 
‘orange (Citrus sp) {D) 
represent intermediate 
\ges with one ovary 

and ovule or many 
ovaries and one ovule, 


‘Creoping buttercup 
(Bicotyledon) 


Ranunculus repens 


dtd a7) 


10 Flowers contain 
the sex organs of 

ts. Some 
the buttercup 
(Ranunculus sp) |A} 
have large petals [1] 
and honey-guide mark- 
ings [2]. A flower- 
plan is shown [3]. 
Daisy family flowers 
comprise a number of 
florets (smal 

flowers). In corn- 
flowers (Centauria 
sp) [8] these are cent. 


‘marginal (5). Poplar 
(Populus sp) |C) has 
‘small, open male [6] 
or female [7] flowers. 


12 Astomais a pore 
in the surface layer 
of cells of leaf or 
‘stem, characteristic 
of scod plants and 
of the ferns. Each 
stoma is surrounded 
by guard cells {1} or 
'$ [2] which control 
retention or loss of 
water as vapour 
from the plant, 


F 


13 


been found of most 
major plant groups. 
Although these 
records provide a 
broad outline of plant 
evolution, they do 


65 


500 
Millions of 
‘years ago 


not give a complete 
picture. Because of 
the relative scarcity 
of plant fossils the 
relationships of the 
various plant groups 
\s still uncertain 


13 Outer cells of 
leaves may form hair 
like projections, some 
of which are special- 
ized secretory colls 
The section through 
the epidermis of 
Thymus leaf shows a 
club-shaped gland 
containing the 
scented oil of thyme 
secreted by the plant, 
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Yeasts and moulds 


Moulds and mildews, rusts and smuts are all 
fungi, members of a vast group of organisms 
which, like animals, cannot manufacture 
their own food and, like plants, have no 
organs of locomotion to go in search of it. All 
fungi are therefore either pai 
live in or on other living things, or sap 
rophytes [6] living on dead and decaying 
organic matter. The fungi, a group com: 
prising 100,000 or more distinct species, 


sites, forced to 


include not only the microscopic single: 
celled yeasts [11] but also the familiar mush 
rooms, toadstools and pulf-balls, 


Harmful and helpful fungi 
Although fungi are chiefly the enemies of the 
green plant, certain species will attack ani. 
mals: some trap and kill nematode worms [8], 
while others cause disease in insects [9]. Ath 
lete’s foot and ringworm in man are also 
fungal diseases. These are minor irritations, 
however, compared with the enormous 
problem that fungal diseases cause 
agriculturists. Roots und shoots, foliage, 
leaves and fruits of plants - all are subject to 
attack by various fungi [Key] 


1 Downy mildew in 
cabbage is 3 

sign of attack by 
Peronospora parasit 
ica, a fungus that 
enters the plant 
through the epider 
mis [1] then rami: 
fies, sending forked 
feeding tubes into 


a 8 


Sie 


\ 
sad 
{fox4 


i 


3 Black rust of 
wheat is caused by 
Puccinia graminis, 

a fungus that 
divides its complex 
life cycle between two 
hosts. In early 
summer, spores [8) 
‘on an infected wheat 
plant [Al are dis- 
persed to infect other 
wheat. Later, new 


resting spores (C] 
are produced. These 
survive the winter on 
the wheat stalk and 
germinate [D} in the 
spring, producing 
spores to infect the 
barberry plant [E], on 
which a form of sex 
ual reproduction |F] 
produces another 
wheat infector 
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Fungi do have their uses, however. Ye 
yield alcohol by causing the fermentation of 
sugars, the central process in the making of 
wine and beer. Bakers use yeast in their 
dough ~ the fungus produces bubbles of 
carbon dioxide, so making the bread “rise 
Many fungi produce antibiotics, substances 
that can be used to control bacterial diseases 
in man and other animals, The members of 
the genus Penicillium {4} are among the most 
important to man, Species of this genus are 
not only the source of the antibiotic penicillin 
(produced by Penicillium notatum), but are 
also used in cheese-making. Many forest 
trees enjoy mutually beneticial liaisons 
(mycorrhiza) with fungi the fungus receives 
nourishment from the tree which, in turn. 
receives extra mineral salts from the fungus. 

With the exception of the single-celled 
yeasts, all fungi are constructed of fine fila. 
ments called hyphae. These are surrounded 
by a stout wall made not of cellulose, as in 
green plants, but of another carbohydrate. 
fungal chitin, which is similar to the material 
found in the shells of insects and crustaceans. 
These filaments ramify through the sub. 


2 The cup fungus 
Peziza lives sapro. 
phytically on dead 
wood and organic 
matter in the soil 

As its nome suggests 
it forms a cup-like 
brightly coloured, 
fruiting body [A], 
above the ground, 
This bears |B] the 
fertile hymenium 
layer [1], consisting 
of sterile hairs [2] 
and spore-conta 
asci [3], which 
point towards the 
light. The eight asco- 
spores are shot 
2—3em (Tin) out 
into the air 


living cells (2) 
Fungal filaments 
bearing dispersal 
spores (conidia) (3) 
cause the white 
mildewy appearance, 
The spore-bearing 
filaments emerge 
through th 

[4] of the pl 


ng 


stance on which the fungus lives, forming a 
loose network called a inycelium. In some 
laborate and substantial fruiting 
bodies are produced by the combination of 
many thousands of fungal filaments 


species 


Fungal classification 
Because fungi cannot search out food, their 
only hope of finding new sites for coloniza 
tion is to produce reproductive spores and 
distribute them widely. The methods of 
sexual reproduction and spore dispersal so 
developed are very distinctive and form the 
basis of fungal classification. Those fungi in 
which sexual reproduction has never been 
observed are lumped together in a rag-bag 
category called “fungi imperfect”. Among 
them are the grey moulds, the ringworm 
fungus and the wilt fungi, Most other fungi 
are grouped together as cither phycomy 
cetes, ascomy: cs or  basidiomycetes 
depending on the way in which they produce 
their spores. 
There are 
phycomycetes; members of the group are 
simple fungi that do not produce complex 


about 1,800 species ¢ 


2a 


Pesiza 9p 


4 The blue mould 
(Pencitlium sp) {A} 
reproduces asexually 
and sexually, Chains 
of asexually pro 
duced conidia [2] are 
borne on a hypha [1] 
Released (3), the 
spores germinate (4) 
to produce new hy 
phae [5]. Sexual repro 
duction follows the 
formation of a fem 


5 Slime moulds, 
more like animals 
than fungi, resemble 
individual amoebae 
5 


CONNECTIONS 
See nino 


ale hypha [7] which 
spirals around a ma 
one [6] and fuses with 
it 8}. The contents 

of the hyphae mix and 
asci [9] containing 
ascospores [10] are 
produced, Aspergil: 
Jus {B] produces a 
vesicle [11], from 
which stalks bearing 
conidia (spores) even 
emerge [12] 


at one stage. 
Later the celis join 
to forma large 

sporing structure. 


fruiting bodies. They include many water 
moulds, downy mildews [1], bread moulds [6] 
and the chytrids, many of which parasitize 
algae and other fungi, These species produce 
dispersal spores asexually, either within a 
special structure, the sporangium (spore- 
producing body), or at the end of an erect 
hypha (the externally produced spores are 
called conidia). They also have a form of 
sexual reproduction: two identical-looking 
specimens of bread mould may, in fact, come 
from different mating strains. When these 
strains meet, chemical substances pass bet- 
ween them, there is a recombination of nuc- 
lear material and, in favourable conditions, a 
resistant spore suitable for dispersal to new 
environments is produced. 

Ascomycetes are the largest class of fungi 
and some form stable relationships with algae 
to produce lichens. Most ascomycetes can 
reproduce asexually by conidia, but their 
chief characteristic is the sexually produced 
ascus, a sac-like cell in which ascospores 
(generally eight) are produced. Some 
ascomycete fruiting bodies are edible - good 
examples are the common morel and the 


6A 


}o0se' 
Dactylella bembico- —_victim {3} is trapped 
desgrowsasamass by the suddenly 
of threads [1] in inflating calls (4). 
rotting wood, which Ramifying fungal 
isafavourite haunt hyphae t 
af nematode worms. —_ penetrate [5] the 


The worm trap [2] victim which is 
consists of a eventually absorbed 
‘small ring of cells by the fungus, 


truffle. The group includes the cup fungi (2), 
flask fungi, powdery mildews and yeasts. 
‘The toadstools, bracket fungi, puff-balls 
and stink horns are basidiomycetes, a group 
that also includes the rusts [3], smuts and the 
commercially significant fungus Serpula 
lacrimans, the cause of dry rot in wood. This 
fungus produces rhizomorphs — long, 
creeping strands of fungus that can even grow 
over dry brick to spread the infection farther. 
The basidiomycete species all produce four 
basidiospores on short stalks at the end of a 


short, club-like basidium. The wind must’ 


catch the discharged spores if they are to be 
dispersed effectively in large numbers. 


Settling in with the host 

When fungal spores land on a suitable host 
plant they germinate in the surface moisture, 
producing a germ tube that gains entry either 
by piercing the host’s outer covering or 
epidermis, or by growing in through open 
stomata [1]. Soil fungi can usually gain 
entrance through the delicate root cells, but 
some fungi cannot attack living tissue and 
must enter through wounds or dead matter. 


6 Thecommon mould 7; 
‘Mucor lives on dead 
organic material and 
is easily grown on 
damp bread (A), 
Within several 

days the bread 
Sprouts a forest of 
black pin-like Mucor 
fruiting bodies. The 
mycelium (B) of 


particles [2]. (C} Di- 
gestive enzymes [3] 
are secroted to break 
down the food out- 
side the hyphae 

and 


low it 
to be absorbed (4), 


‘9 Afly dies from an 
fly cholera caused 

by the phycomycete 
Entomophthora mus- 
cae—grim proof that 
some animals, 
insects, fall victim 

to fungal diseases. 
‘Spores of the fungus 
adhere to the fly's 
body and a germ-tube 
penetrates its skin. 
The fungus [B] 

grows inside the fly 
and eventually plugs 
its entire body with 
hyphae. Spore- 
bearing filaments 
break out all over 


the dead fly, 
squirting spores in 
a. great halo around 
the corpse [A]. 


10 Tumours and galls 
are abnormal 
growths on plants 
caused by parasites. 
Fung), bacteria and 
Viruses, as wel 
some small animals, 
all cause plant 


11 Yeasts are among 
the most commer- 
cially important of 
the fungi. These asco- 


tures. Ubiquitous in 
nature, they live in 
weak sugar solutions 
(such as are found on 
fruit surfaces). They 
multiply by budding, 


Victims of fungal 
attack among green 
plants include barle 


loose smut, and rye 
IB], here bearing er- 
gots of the dangerous 
Claviceps purpurea, 
Potato crops may be 
ruined by the pot: 
blight (Phytophthora 
infestans) |C) which 
attacks the growing 
leaves of the plant. 
Wart disease of the 
potato tuber is caused 
by Synchytrium 
endobioticum |B}. 
Apples that become: 
infected with Sclero- 
tir ructigena turn 
brown and rot (E]. 

E 


7 The honey fungus 
(Armillaria meliea) is 
a basidiomycete with 
conspicuous fruiting 
bodies (1). These 
‘occur on dead tree 
‘stumps [2] where 
they grow as sapro- 
phytes, From the hy- 
phae [3] inthe dead 
‘stump rhizomorphs ~ 
black, root-like 


to attack the roots 
of live trees [5]. The 
fungus kills living 
tissue, forming 


network below the 
bark of the tree. 


uncontrolled cell 
growth, but rarely 
kill the plant. tt 
seems certain that 
substances produced 
by the invader set 

off the gall-making 
process, but their 
exact composition 
remains a mystery. 


Carriage by rain 
novel method of 
spore dispersal, 


n 9 
(Crucibulum vulgare) 
has a fruiting body 
like an open vase [1], 
Rain [2] bouncing off 
the inside of the 
cup removes spore- 
bearing tissue [3] 
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Mushrooms and toadstools 


Mushrooms and toadstools, sprouting from 
the earth with their diminutive, fleshy 
“umbrellas”, are among the most familiar 
fungi known to man. Botanists classify them 
in the Basidiomycetes - a name they have 
given to them because their spores are 
formed on special structures called basidia. 

Most people use the term “mushroom” 
when referring to edible members of the class 
and “toadstool” when describing poisonous 
fungi. or more specifically 
mycologists (botanists who study fungi) 
make no such distinction. The term “mush- 
room" is used asa collective name to include 
all the larger Basidiomycetes: the gill-bearing 
fungi (agarics), fleshy fungi with pores 
(boletes), bracket fungi (polypores), fairy 
clubs, puff-balls and their allies, stinkhorns, 
jelly fungi and others. The term “toadstool”, 
on the other hand, is lapsing into disuse 
amongst botanists. 


The life cycle of an agaric 
The life cycle of an agaric [Key] begins with 
the germination of two basidiospores. Each 
of these carries half the hereditary (genetic) 


1 Puff-balls provide a 
familiar example of 
the kind of fungi whose 
spores are dispersed 
by the action of rain 
drops. When ripe, the 
fruitbody is made up 
of a thin, perforated, 
papery wall enclosing 
a mass of powdery 


spores that are held 
between fine cottony 
threads. When a rain: 
drop falls on the 
fungus, the wall is mo: 
mentarily depressed 
and functions like a 
pair of bellows as it 
puffs out a small 
cloud of spores. 


4 Fairy rings (A, 8] 
are produced by a my 
colium that grows 
out equally from a 
central point. Fungal 
threads advance and 
break down the pro: 
teins in dead vegeta- 
tion. Asa result, 

food substances are 
returned to the soil 
and an outer ring of 
lush, green grass 
springs up. Within 
this is a ring of poor 
grass that is thought 
to be caused either by 
the mycelium’s clog- 
ging of the air spaces 
in the soil - thus pre- 
venting water from 
reaching the grass 
roots ~ or else by 

the fungus's parasitic 
action on the roots. 
The third and inner 
most ring is another 
lush region that is 
probably produced by 
the release of new 
food materials on the 
death and decompo: 
sition in the soil of the 
old fungal mycelium. 
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material of the species. When they germinate 
each basidiospore produces an extensive 
system of branching threads (hyphae), 
collectively known as a mycelium. This 
penetrates the material on which the fungus 
grows. Usually, before any agaric fruitbodies 
such as the typical mushroom “umbrella” can 
be produced, there must be 2 fusion of the 
complementary mycelia. The fruitbodies are 
thus produced from a mycelium with com- 
plete hereditary material, A microscopic 
examination of the resulting fruitbodies 
shows that the gills (on the underside of the 
umbrella”) are densely covered with bodies 
known as basidia - each with four spines 
(sterigmata), at their apex, producing single 
basidiospore to repeat the cycle of growth 


Methods of spore dispersal 
Mushrooms produce an enormous number of 
spores during their very short life-span; an 
ordinary field mushroom about 10cm (4in) in 
diameter will produce some 16,000 million 
spores in a period of about six days 

Except in puff-balls and their relatives 
basidiospores are discharged explosively 


Stinkho: 


fungui 
Phallus 
mpudicus 


2 Stinkhorns start 
‘88 a whitish “egg” [1] 
that is about Sem (2in) 
across, Inside Its thin 
skin is @ thick layer of 
jelly surrounding the 
immature fruitbody 
(receptacle), When, 
ripe, the receptacle 
elongates rapidly. It 


ruptures the egg and 
carries the glutinous 
olive spore mass (2) 
‘On its conical reticu: 
lated cap [4]. Flies, 
attracted by the putrid 
‘smell, eat the gluten 
{3} and fly away with 
spores in their gut or 
on their bodies. 


from the basidium and although they move 
only a fraction of a millimetre, this is suffi- 
cient to carry them clear of the fertile surface. 
They then fall free of the fruitbody and are 
dispersed by the breeze. 

Raindrops help to disperse the spores of 
puff-balls (1, bird’s nest fungi and earth stars 
(Geastrum spp) [3] 

A number of puff-balls that grow in 
deserts are released from the sand when ripe 
and are blown far away by the wind, scat- 
tering their spores as they go. 

The spores of some mushrooms, espe 
cially those that grow in dung, such as Cop- 
rinus spp. are dispersed by animals. Small 
rodents such as squirrels may carry agaric 
fruitbodies for some distance before partially 
eating them. Slugs and snails also disperse 
spores over shorter distances. The stinkhorns 
(2) and their allies are a group of fungi 
specifically adapted to spore-dispersal by 
insects, Aseroe rubra, for example, attracts 
insects not only with its powerful smell of 
putrefying flesh, but also by means of the 
bright colours of its flower-like, red body. 

Mushrooms, even when greenish, lack 


3 The spores of earth 
stars are dispersed by 
raindrops in the same 
way as those of true 
puff-balls. The fungus, 
which is at first glo- 
bular or bulb-shaped, 
eventually splits into 
a number of rays. 
These are grouped 


round a central thin, 
papery spore sac that 
has a distinct open 
ing through which the 
spore clouds are re. 
leased. In Geastrum 
triplex the rays cur! 
under the fungus and 
push it clear of leaf 
litter, in this way 


5 The bracket fungus 
(Laetiporus sulphur: 
eus) grows chiefly on 
‘old oaks. It ily 
recognizable when 
young by its juicy 

tiers of sulphur yel 

low or orange fruiting 
bodies, but the colours 
fade with age. 


6 The cauliflower 
fungus (Sparassis 
crispa), which mea- 
sures up to 25cm (10 
in) across, grows at 
the base of conifer 
trunks and forms in. 
tricate masses of 
small, crisped or 
wavy lobes. The 
popular name comes 
from the fruitbody, 
which resembles a 
large waxy cauli 


CONNECTIONS: 


exposing it more 
offectively to the rain. 
The rays of other 
species are hygro- 
scopic: they curl over 
to enclose and pro: 
tect the spore sac in 
dry weather and open 
again to expose it 
during rainy periods. 


flower head, has 3 
spicy smell and is 
edible. Several 
species growing in 
woods in Eurasia 
and North America 
are all very similar. 
These species are 
also edible. Some 
polypores of deci 
duous woodlands are 
‘somewhat similar but 
have far fewer and 
thicker lobes. 


chlorophyll and as a result are unable to 
manufacture their own carbohydrates by 
means of photosynthesis. Instead they obtain 
these substances from the breakdown of 
complex organic substances in humus and 
other vegetable debris, or by living parasiti- 
cally on trees as many bracket fungi do. But 
many woodland agarics form a special kind of 
association with the roots of various trees. 
These fungi form a sheath of mycelium round 
a tree’s rootlets and from this numerous 
branching threads penetrate between or into 
the cells of the roots. Deep penetration of the 
root is usually prevented by a reaction from 
the tree that inhibits the fungal growths. Such 
a relationship is known as a mycorthiza and 
infected roots believed to be better able 
to absorb nutrients from poor soils thus 
benefiting the tree. The fungus, in its turn, 
obtains various organic substances. 

Some mushrooms, the bracket fungi [5] in 
particular, cause losses in forestry by spoiling 
or killing trees. Among these are the birch 
polypore (Piptoporus betulinus), a familiar 
sight wherever birches grow, and the large 
perennial, brown, woody brackets of Gan- 


7 


Field 


7 Edible mushrooms 
are numerous. The 
fairy ring mushroom 
( 


flavouring soups. The 
common field mush- 
foom (Agaricus cam: 
pestris) can be recog: 
nized most easily by 
the colour of the gills. 
These are pink at 


tanwhen wetto buff —_first but eventually 
when dry. Itcan be turn purplish brown, 
dried and used for The blewit (Lepista 


Death cap / 
Amanita phalloides 
8 Poisonous mush- —_highly poisonous 
rooms are not always that itis usually 


easily recognizable, _lethal to human beings. 


even by experts. tis most commonly 
Fungi of found under oak and 
Amanita develop a beech and has a yel 
membrane that forms —_ lowish green, indis- 
kind of envelope tinetly streaky cap 


or veil covering 
the entire plant. 
One species, the 
death cap, is so 


about 9cm (3.5in) 

across. The gills are 
white, and the stem, 
which is also whi 


Agaricus campestris 


doderma applanatum, whose stratified fruit- 
bodies with tube-layers are commonly found 
on beech and other trees, 


Poisonous and non-poisonous mushrooms 
Many mushrooms are edible and tasty (6, 7], 
but some kinds are deadly and there is no 
infallible way of distinguishing between 
edible and poisonous species in the kitchen, 
The only safe way is to learn from an expert. 
The most dangerous fungus is the death cap 
[8], Any mushroom with a white cap, white 
gills and a stem bearing a ring and a sheathed 
base should be avoided, The yellow staining 
mushroom [8], easily confused with the field 
mushroom, is mildly poisonous. In general all 
boletes are safe to eat except for those with 
red spores and red marks on the stem. Most 
puff-balls are also edible if eaten while still 
white inside. but the earth balls (Scleroderma 
spp) should be avoided. 

Some agarics, notably species of Psilocybe 
found in Mexico, cause hallucinations when 
caten; eating such fungi can be dangerous 
because they are not readily distinguishable 
from deadly species. 


Blewi 
tepate seeve 
Parasol 
cepts procere 
NRT ath 


and wood 
blewit(L. nuda) are 
closely related but the 
former grows in pas- 
tures while the latter 
isa woodland species. 
The parasol (Lepiota 
procera) is different 
from the wood parasol 
(L rhacodes) in that 


it grows in pastures, 
has brown, snake-like 
markings on the stalk 
and fiesh that does not 
turn reddish when it 

is bruised. Shaggy ink 
‘caps (Coprinus coma- 
tus) have distinctive 
cylindrical white caps 
resembling closed um- 


Fly aganie 
Agaricus musesnis 


bears a pendulous room can easily be 
confused with the 
field mushroom be- 
cause it grows in 
similar places. It 
turns bright yellow 
when cut or bruised, 
The plant is only 
mildly poisonous and 


ring and has a 
sheathed base. Fly 
agarics (A. musca- 
na) grow under 

birch trees with which 
they form a mycorrhi- 
zal association Their 
red caps with pyra: 
‘midal white scales are 
unmistakable, The yel 
low staining mush- 


devil's boletus (Bo- 


Shagoy ink cap 
Coprinus comatus 


Yellow staining mushroom 
Agaricus xanthodermis 


Key 


Stengmg 


Basidy 


= 


Feusting mustvoom 


also produce an 
‘asexual (mould) stage. 


typical of higher fungi, 
but the mycelia may 


brellas. When ripe, Hygroporopsis aur- 
the gills turn black antiaca is similar but 
and the entire cap less fleshy, has regu- 


Grips away as an inky 
liquid from below, 

jant putt-balls (Lan- 
Nannia gigantea) 
Feach 30cm (12in) 
‘across and weigh 
more than 1kg (2.2lb). 


honeycomb-like cay 
Chanterolles (Can- 


larly forked gills and 
does not smell. The 
cépe (Boletus edulis) 
‘cap resembling 
"penny bun", its 
Spores are whitish and 
its stem is pale, 


Devil's boletus 


Boletus satanas 


Jetus satanas), which 
has a pale cap, red 
pores and a red net- 
work onthe stem, 
grows in chalk beoch- 
woods in southern 
England. The common 
earth balls (Sclero- 
derma spp), unlike 
true putf-balls, have a 
thick rind and @ pur 
lish-black spore mass. 


Common earth ball 
Scleroderma sp 
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The way plants work 


Green plants and a few specialized bacteria 
manufacture all the food that sustains life on 
earth. Their raw materials are water, carbon 
dioxide, mineral nutrients and sunlight; 
plants must have adequate supplies of those 
essentials and they have evolved special 
structures to ensure that they do. 


Photosynthesis in green plants 
All green plants, which range in size from 
microscopic single-celled algae to trees 100m 
(328ft) in height, have at least two features in 
common. First, the cells of all plants are sur- 
rounded by a firm wall of cellulose [1]; it may 
be less than 0.001mm thick but it gives the 
plant structural strength. Second, all green 
plants contain the pigment chlorophyll, 
which gives them their colour and which is 
vital for photosynthesis, the process by which 
they manufacture their own food 
Chlorophyll is responsible for capturing 
energy from the sun, which is used for the 
chemical processes of food manufacture 
Even plants that look brown or red ~ 
some seaweeds for example - contain 
chlorophyll, although its greenness is masked 


1 The plant cel 
formed by 
two layers of call: 
ulose fibres. These 
fibres lie parall 
toeach other in 
the inner layer but 
criss-cross in the 
‘outer layer. Cells 
‘communicate with 


‘one another through 
strands of living 

tissue that pass 
through fine holes 

in the cell wall 

‘The holes may aggre: 
gate to form pits, in 
the centre of which is 
sometimes suspended 
a disc or torus. 
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by the presence of other pigments. A few 
plants have no chlorophyll and must either 
live parasitically on other plants (for example 
dodder which parasitises nettles) or strike up 
a mutual dependence with them (a sym- 
biosis) as the bird’s nest orchid does with 
fungus. Leaves on parasitic plants are often 
reduced to mere scales. 

Although virtually any part of a plant can 
contain chlorophyll, the leaves [3] are 
specialized for photosynthesis and are espe- 
cially rich in the pigment, In the process of 
photosynthesis the sun’s energy is used to 
split water in the plant into oxygen and hyd- 
rogen. The oxygen is released, but the hyd- 
rogen is used to convert carbon dioxide from 
the atmosphere into sugars (carbohydrates) 
through a series of complex chemical reac- 
tions involving enzymes, Sugars so produced 
can then be converted into all the other 
chemicals found in the plant by a further 
series of reactions. 

Food manufactured in the leaves of plants 
is transported for use in other parts of the 
plant through tissue called the phloem. This 
is a series of elongated cells arranged in a 


4 


2 Allthe hereditary 
information needed 
tocreate a whole 
plant is contained 

in the genetic material 
of a single coll. Celis 
of a carrot plant [1], 
taken from the branch 
root (4), storage 

root [3] or leaves [2] 


and grown in coconut 
milk, will all give 

rise to plantlets [5]. 
From these plantlets 
entire carrot plants. 
will grow eventually. 
Known to botanists as 
totipotency, this 
phenomenon oc- 

curs only rarely. 


3 Both surtaces of 
a leat are protected 
by epidermal cell 
[1], covered with a 
waterproof cuticle 
that prevents excess: 
ive water loss. These 
impermeable surfaces 
are pierced by small 
holes called the 
stomata (2), found 
‘mostly on the leaf’s 
lower surface. 

Through them water 
vapour, oxygen and 
carbon dioxide enter 
the 

leaf. Below the epi- 
dermis on the upper 
side is the palisade 

[3], which consists 

of cylindrical cells 
filled with chloro- 
plasts where photo- 
synthesis chiefly 

takes place, Below 

the palisade layer is 
the spongy mesophyll 
[4] where the pro- 
ducts of photosyn- 
thesis are stored 
before being trans- 
Ported to other 

parts of the plant, 


system of “veins” running through the plant 
The cells are separated from each other at 
their ends by perforated plates called sieve 
plates. Fine strands of living material pass 
through these plates and some researchers 
believe that these strands transport the food. 


‘The water system 

Water moves through a green plant's con- 
ducting or vascular system in xylem cells 
which partner the phloem cells in the veins. 
Together, the xylem and phloem are called 
vascular bundles. Xylem cells form a series of 
long tubes strengthened by stout cell walls. 
Sometimes these are wide, mutli-cellular 
structures. To offset evaporation from the 
plant surface, water is absorbed by the roots 
and passed up to the leaves [5] by forces that 
include osmosis (a special type of diffusion) 
and capillary action (the raising of water in 
very fine tubes) and which can raise water to 
the top of the highest tree. 

Most plants, whether aquatic or terrest- 
rial, remain anchored in one place, although 
some microscopic algae move through the 
water by thrashing whip-like flagella or hair- 
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4 Asingle chioro- 
plast (A), typical 
of those found in 
the palisade layer 
of celts (B) of a 
land plant, is con: 
tained in a membrane 
[1]. ts internal 
structure comprises 
a series of minute 
plates called lam: 

ch a few 


cules are found 
chiefly on these 
membranes in areas, 
called grana [3], 
Between the grana is 
a granular mass 
called the stroma [2] 


'5 Water is absorbed 
2) _ bytiny hairs on the 
ofa plant (1). 
Itis passed upwards 
inthe xylem tissue 
(2) and evaporates 
through the stomata 
{3}. This transpira: 
tion process helps 
to cool the leaves 
and aids absorption 
of mineral salts. 


fi 
cells. The stomat 
usually open in light 
[A] to allow photo- 
synthesis and close 
in darkness |B) to 
prevent water loss. 
Modified stomata of 


water retention. 


like cilia, Plants are designed to trap as much 
sunlight as possible while resisting damage 
from inclement weather, Water plants are 
flexible and frond-like to ride with the cur- 
rents, Land plants orientate their green 
leaves so that the flat surfaces face the sun. 
The roots of land plants are firmly embedded 
in the soil. The shape and form of a plant can 
vary enormously with its environment — a 
plant living at the top of a mountain can look 
superficially quite different from the same 
species living in a valley. 

Unlike animals, plants have no sophisti- 
cated nervous system. Their growth is con- 
trolled by hormonal or growth substances. 
‘These are produced in one part of the plant 
and transported to another where they exer- 
cise their influence. Some hormones, 
including the auxins, the gibberellins and the 
cytokinins, promote growth. Of those that 
inhibit growth, the most common is abscisic 
acid. Others influence processes such as the 
ripening of fruit. 

All the plant hormones affect plant 
growth in various ways, Auxin, for example, 
is chiefly responsible for the elongation of 


plant cells, but it also plays a part in the initia- 
tion of rooting and by counteracting the 
effects of abscisic acid, in controlling abscis- 
sion ~ the process by which a plant “cuts off” 
dead leaves and ripe fruits before they are 
shed. Gibberellins play various roles in plant 
growth but are especially known for their 
ability to stimulate growth in dwarf plants (7). 
Cytokinins are important in the regulation of 
plant cell division [13]. 


The importance of sunlight 

Sunlight, vital to plants for photosynthesis, 
also helps to regulate plant growth. Plants 
grown in the dark are spindly and yellowish 
[12] because there is no destruction, by light, 
of auxin and no formation of chlorophyll. 
Phytochrome, a chemical sensitive to light, isa 
part of the internal clock that tellsa plant how — Trees, like all 
long the day is and thus what time of year itis. 
Some plants flower regardless of the length of 
day, but others will flower only when days are 
long or when days are short [11]. This is 


the uptake of carbon 
dioxide andthere- _—_ used in photosyn 
lease of oxygencan _ thesis. This is 

be detected [A]. In called the compen: 
twilight, photosyn- tion point [B], At 
thesis slows down night, photosynthesis 


off in respiration is 


ing carbon dioxide 
(CO,), During the 


ime 48y, photosynthesis. and all oxygen given _is halted and itis easy 
daborean etolopicaly because the besttine Si tne offis used in respi. to detect carbon 
for flowering and setting sced differs in var- _jeaves faster than ration while ali the dioxide release and 


ious parts of the world, respiration and only carbon dioxide given oxygen intake [C]. 


7 Adwart bean (A), 8 Plant stems bend 

after treament with towards the light wards, branche: on the lower side of 
asolution containing _ because the growth Secondary roots side- the root and shoot, 
gibbereltic hormone auxin, pro- ways [A]. Roots and stimulating vertical 


grows as tall as a 
normal bean (8), 


duced in the tip, is 
diverted to the 


shoots of a plant on its 


growth in the shoot 
side [B] will try to 


but inhibiting it in 


This hormone isone —_shaded side of a Gravity is called regain their former the root, which then 
of several able to plant where it geotropism. Roots Positions. Deposited —_ grows downwards. 
modify inherited ‘stimulates markedly starch grains promote 
growth patterns. faster growth. auxin accumulation 

10 Movements of 


Sensitive mimosa 
Mimosa pudica 


plant parts are some. 
times caused not by 
growth but changes 
structure of the 
plant's cells. In the 
sensitive mimosa [A], 
leaflets (1] are 
attached by special 


at is shaken these 
cells lose water and 
the branch may sud- 
denly sag. The 
Venus fly-trap (B] 
is a carnivorous plant, 
When an unwary 


Venus tly-trap, 
Dionaea muscipula 


rn insect touches long 
hairs on the leaf [2] an 
effective closing trap 
is rapidly sprung (3). 
" 11 Some plants will 12 12 The effect of 2 2) 
flower only on long (e light on the growth “ 
X days, some only on of plants is called 
- _ short days. The photomorphogenesis, 
¥ flowering tobacco One mustard seedling 
4. plant [A] was grown | has been grown in 
7 where daylight hours the light [A]. 
were long, while | Another of the same 
the non-flowering age and genetically 


plant [B] was not. 


Flowering tobacco 
‘Nicotiana tabacum 


identical has been 
grown in darkne: 


oye | {8}; itis tail roots and shoots of —_Dividing cells [2] 
and spindly and its plants by a process Produce leaf initials 
aves and roots: called apical growth. [3] and in the axil 
> have not developed. The shoot apex of a of each leaf is a bud 
fo Light is essential vascular plant (1) ‘that could develop 
to all green plants consists of a small into a new branch, 
ana » anda seedling group of cells, the The apical bud may 
will use up all the meristem, which di- prevent the growth of 
‘stored food in vides to produce more lateral buds by pro- 
seed-leaves inan 13 New cells are cells, so the tip ducing an inhi 
attempt to grow manufactured chiefly constantly grows hormone: this is 


towards the light. at the tips of the ‘away from the roots. 


i 


Algae and seaweeds 


The simplest plants are those in which a 
single cell is capable of independent exis- 
tence. These, together with their multi-cellu- 
lar relatives, are called algae and there are 
about 20,000 species of them in the world 
today. Algae are technically distinguished 
from higher plants by the absence of a sterile 
cell layer round the sexual cells and, although 
some algae can be large and complex, they 
never attain the degree of anatomical 
differentiation of flowering plants and ferns, 


‘The classification of algae 

Algae are a rather loose assemblage of not 
very closely related organisms that can be 
classified into 11. major groups based on 
differences in pigmentation, _ cell-wall 
composition, nature of reserve food mate- 
rials and type of organelles ~ parts of cells 
doing special work ~ present in cells. These 
groups are the blue-green algae 
(Cyanophyta), red algae (Rhodophyta), 
diatoms (Bacillariophyta), yellow-green 
algae (Xanthophyta), golden-brown algae 
(Chrysophyta), dinoflagellates (Pyrrophyta), 
cryptomonads (Cryptophyta), brown algae 


cup-shap 
id [1], two equal 
flagelta [2) and a red 
eyospot (3), It usu: 
ally reproduces by 
division of the cell 
contents (B] into 4 

to 16 motile cells 
(zoospores) that then 
disperse. In sexual 
reproduction the 
divided products (ga. 
8) fuse together 
in pairs [C, 0) after 
s8e, forming 
esting 
stage [E] that pro 
duces four zoospores 
[F] when conditions 


mostly in fresh: 
water, especially 
‘stagnant pools, where 
it swims about in 


light. The red eye: 
‘spot is sensitive 

to light and de- 
termines the direction 
of its movement. 
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(Phacophyta), euglenoids (Euglenophyta), 
green algae (Chlorophyta) and stoneworts 


(Charophyta) 
All the groups of algae possess 
chlorophyll “A”, the green pigment 


primarily responsible for photosynthesis, the 
process by which the plant converts light 
energy into chemical energy. Indeed the 
green algae have the same pigments in the 
same proportions as the higher plants and are 
thought to be the ancestral stock from which 
these have evolved over millions of years. In 
other groups the accessory pigments differ in 
nature or in proportions, giving them their 
characteristic colours. These may, however, 
be much modified both in different species 
and according to environmental conditions. 
Blue-green algae [7] are in many respects 
more like bacteria than like other algae. They 
lack true organelles, have little or no power 
‘of movement and no truly sexual reproduc- 
tive processes. In all the other groups each 
cell has a true nucleus (an organelle with its 
own surrounding membrane), which controls 
important cell processes such as division, and 
‘one or more plastids — organelles that contain 


for the brown algae 
because species of 
this genus are com: 
mon. The most usual 
form of reproduction 
is a specialized sex- 
val process. On the 
tips of certain 

fronds are swollen 
known as recep- 
tacles [1]. Male and 
female reproductive 
‘organs aro produced 


Male reproductive or. 
gans (antheridia) are 
released in spring 

as orange slime (2), 
Female reproductive 
‘organs (oogonia) [3] 
are similarly re- 
leased asa green 
slime. When the 
‘seaweed is covered 
by the tide the 

antheridia [4] and 
oogonia [5] burst, re- 
teasing the repro- 
ductive cells into 


the photosynthetic pigments. In most groups 
(except the red algae) there are at least some 
species or stages bearing flagella - thin, flex- 
ible, hair-like structures that beat rhythmi- 
cally and serve as the principal means of 
locomotion. In some groups ~ the brown 
algae [4, 5], for example ~ they are restricted 
to reproductive cells. Differences in number, 
position and kind of flagella occur among 
different major groups and help to distin- 
guish them. Some nonflagellate algae, 
particularly certain diatoms, are capable of 
quite rapid gliding movements whose 
mechanism is not fully understood 


Natural habitats of algae 
Algae occur in almost all possible habitats to 
which adequate light penetrates, They may 
colour permanent snow and ice fields red or 
green, may multiply rapidly in small tem- 
porary puddles (thus often giving rise to 
stories of coloured rain) and have been found 
in hot springs at temperatures of up to 85°C 
(185°F), They abound in brackish and 


marine waters and are found even in saline 
pools where the salts are crystallizing out 


the water. Themale 54 
gametes [6], 64 per 
antheridium, have two 
unequal flagella which 
they use to propel 
themselves. They fuse 
[8] with non-motile 
‘egg cells [7], eight per 
‘oogonium in the water. 
Ina few other groups 
the gametes are asin 
Fucus, but in most 
groups all the gametes 
produced are moti 
ail these groups non- 
sexual reproduction 
also occurs: the con. 
tents of some cells 
divide and are r 
motile 
flagellate zoospores, 
which later develop 
into new plants, 


5 Brown algae range 
from small filament- 
‘ous types to large 
plants with elaborate 
structures. Dietyota 
{Ais anchored by 
rhizoids and has thin 
flat fronds. New 
plants are all of 

this kind. But in 
many brown algae 
two different kinds 


CONNECTIONS: 
See aino 

Tre pant kingsom 
The seashore. te 
between the bd 
Tre tchone 
The way put 
Proms of Me past 


2 Kinds of algae in- 
‘clude Volvox |A) with 
‘motile Chlamydomon- 
as-like colls; single 
celled desmids [B), 
varied and beautiful: 
and Spirogyra |C), 


joined end to end. 


green laver (Viva 
lactuca) is a fami 
iar seaweed (A) that 
occasionally 
eaten, Acetabularia 
{8} is one of a group 
of lime-encrusted 
green algae from 
tropical and sub- 
tropical seas. | 
resembles a delicate 
toadstool and has 
been widely used and 
studied by scientists 
because the single- 
celled stalk, up to 
5cm (2in) high, can 
be cut into two liv- 
ing parts with and 
without a nucleus. 


R 


of plants are pro- 
duced. In furbelows, 
(Saccorhiza poly- 
schides) {B), the zoo- 
spores produce micro- 
scopic filaments, 
which in turn pro- 
duce gametes. Fusion 
of gametes results in 
the growth of a plant 
with a frilled stem and 
fan-like frond, 


6 


Although the smaller forms are individually 
inconspicuous they may multiply rapidly 
enough to colour the water. The Red Sea was 
so named because of the frequency in its 
waters of a reddish blue-green alga, 
Trichodesmium. Such water blooms may 
cause fish and other aquatic organisms to 
suffocate, taint drinking water and, as Red 
Tide organisms (certain dinoflagellate 
species) do, poison the waters with powerful 
toxins. Algae also play an important role in 
purifying sewage effluents by removing dis- 
solved substances and keeping the waters 
oxygenated 

Some algae remain suspended in the 
upper layers of the water and together with 
small drifting animals form the plankton that 
is a rich food source for higher animals. 
Others, which are known as benthic forms, 
occur on or among bottom deposits or 
become attached to plants and animals on the 
bottom. These are limited in development by 
their need for adequate light for photosyn- 
thesis, but in very clear waters may be found 
at depths of as much as 200m (656ft). The 
richest vegetation on the sea coast occurs just 


D 


below the level exposed to air by receding 
tides, but a wide variety of species live bet- 
ween tides, often forming distinctive zones at 
different levels characterized by the species, 

Algae also inhabit non-aquatic regions 
Large numbers grow in the upper layers of 
soils (even in deserts), on buildings, trees and 
other terrestrial plants, and even in animals 
such as some sponges, flatworms and shell- 
fish. Algae even grow on corals, where they 
play a fundamental role in the immense 
productivity of coral reefs. 


Fossilized deposits 

In most of the major groups of algae some or 
nearly all members have lime or silica depo- 
sited either in the cell walls or as a form of 
external shell, These hard parts are readily 
preserved as fossils and, indeed, fossil diatom 
deposits 914m (3,000ft) thick have been 
found, Such fossilized forms can give an 
indication of the ages of the groups to which 
they belong. Among red algae the calcareous 
corallines were well developed 500 million 
years ago and arose much earlier. Ancient 
calcareous green algae are also known. 


6 The red algae are 
mainly marine, Dulse: 
(Palmaria palmata) 
IA]. is 8 common ed- 
ible species, as is 

Irish moss (Gigartina 
stellata) (B] and laver 
(Porphyra umbilicus) 
{H]. Dumontia incras- 
sata IC} is common in 
shallow inter-tidal 
pools, It dies in late 
summer but new 
plants appear in 
Spring, Phymatolithon 
polymorphum IE isa 
common encrusting 
coralling 


Th 
beautiful crimson 
fronds of Hetero- 
siphonia plumosa |F) 
t subtidal: 


dark red fronds of 

Prilota plumosa |G}, 
fe most frequently 

found growing on the 

Stripes of the 

‘oarweed (Lamin: 

aria hyperborea) |D) 


8 The uses of son- 
weed are many and 
varied, Tra ly 
they have been used 
as manure and for 
food, for which they 
are specially cul- 
tivated in Japan. 

They once provided a 
‘source of iodine and 
‘soda (for glass- 
making). Nowadays, 
Jeliylike substances 
are extracted — agar 
from red algae and 
alginates from brown 
algae. These are 
colourless, tasteless 
and odourless and 
used for growing mi 
crobes, food canning, 
making non-fat creams: 
(edible and cosmetic), 
emulsifiers for paint, 
beer, ice-cream, tab- 
lets, capsules, for 

film emulsion and 
artificial thread, 

Fossil diatoms pro- 
vide abrasives and 

are used in making 
toothpastes, filters, 
absorbents and insu- 
lating material, 


Key 


Chlamydomonas sp 


Corsllina xp 


Laminaria sp 


Algae vary in size 

from single-celled through the medium: 
plants such as Chia. —_sized Corallina sp to 
mydomonas, visible giants such as Lami- 
only under a high- ‘ens of metres 


powered microscope, —_ in length. 


7 The blue-green paddy fields, They trix, Reproduction is 
algae area primitive consist of simple vegetative or by non- 
but successful group cells aggregated into motile spores. Some 


well represented in loose or regular filamentous types 


terrestrial, marine colonies such as such a8 Anabaena 
and freshwater habi- — Dermocarpa, or fila- have thick-walled 
tats, being particu- ments—branchedor cells and are cap- 
larly abundant in unbranched. The colo- able of converting 


muddy places such as 
salt marshes and 


nies may be embed- 
ded in a gelatinous ma- 


atmospheric nitro- 
gen into ammonia, 


Darmocaipa colonies 


Anabaena sp 


Oermocarpa sp 
section through 
colony 
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The lichens 


Lichens occupy some of the most forbidding 
regions of earth, establishing themselves in 
environments where few other species of 
living things are able to survive. They are 
found farther south and farther north than 
any other type of plant. In the Himalayas 
they have been found at altitudes of more 
than 5,600m (18,460ft). 


Distribution and structure 

Lichens can adapt themselves to almost any 
kind of surface. They will grow on sun-baked 
rock in arid deserts, on the backs of weevils or 
in the bleached skulls of dead animals, One 
species (Verrucaria serpuloides) is co 
ously submerged in freezing Antarctic 
waters; another (Lecanora esculenta) travels 
on the wind. And although lichens are on the 
whole highly sensitive to industrial pollution, 
Lecanora conizaeoides has actually increased 
in areas of high industrial pollution. 

‘There are some 15,000 known species of 
lichens, classified into three main groups on 
the basis of their characteristic growth forms. 
The foliose (leafy) lichens [3] flourish in reg- 
ions where the rainfall is heavy. Crustose 


1 By mapping lichens and of the green siga, 
itis possible to (Pleurococcus viridis) 
pinpoint areas of found on oak trees 
high and low pol- compared with a 
lution in a given graph indicating the 


region and to assess 
what importance fac- 
tors such as wind 
direction, elevation 
ind ground shape 
have on the sources 
of pollution, The 
diagram shows the 
monitoring of such 

a region, based on 
specific lichens 


varying levels of 
the poisonous gas sul- 


phur dioxide concen- 
tration is very 
high: the result is 


1 Location on oak ee 


Branches. 
Trunk 
Base 


(crust-forming) lichens [2], which cling close 
to a surface, are resistant to drought and pre- 
vail in deserts. The fruticose (stalked) lichens. 
absorb water in the form of vapour and are 
particularly suited to humid climates. As a 
result, lichens vary greatly in both size and 
appearance. Some have filaments that reach 
lengths of 2.75m (9ft) or more. Other lichens 
are smaller than a pinhead, 

Lichens arise from the association bet- 
ween two distinct plant types, an alga and a 
fungus, and provide one of the most success- 
ful examples of the symbiotic relationship 
called “mutualism" ~a term used to describe 
the beneficial partnership that can develop 
between two dissimilar organisms. 

The algal partner of a lichen belongs to 
either the blue-green algae (Cyanophyta) or 
to the green algae (Chlorophyta). Most 
fungal members belong to the fungal group 
known as Ascomycetes, which derive their 
name from the ascus or sac in which they 
form their reproductive cells. With very few 
exceptions, a lichen is the product of a single 
species of fungus and a single species of alga. 
The most common alga (found in more than 


sima; zone 2— L. 
amplissima, Usnea 
ns; 


Lecanora coniz- 
95 have incre: 


the concentration of 
sulphur dioxide has 
Increased over the 
British countryside. 
‘Some species of 
lichen occur in more 
than one zone. Spe- 
cies present in zone 
1 ere Usnea articu- 
Lobaria amplis- 


rococeus viridis, Lec- 
anora conizaeoides. 


50 per cent of lichens) is the single-celled CONNECTIONS 

green alga Trebouxia. Sones 
Lichens are extremely slow-growing (ew 

plants, Most crustose types rarely grow more The pisrt wngoen 


Thw way plants 
wore 
Mushrooms ana 


than [mm (0.04in) a year. Other types grow a 
little faster but rarely exceed more than lem 
(0.4in) a year. It follows, therefore, that the 
larger lichens are extremely old — some that 
occur in the Arctic are thought to be more 
than 4,000 years old. A technique known as 
lichenometry uses lichens for dating rock sur- 
faces. The ages of glaciers and of the giant 
megaliths (large stone structures) that are 
found on Easter Island in the South Pacific 
have been determined by this technique. 


The roles of fungus and alga 

The great ages attained by lichens indicate 
that they have evolved a highly organized and 
well-balanced relationship between the algal 
and fungal partners, The exact nature of that 
relationship, however, is still not entirely 
clear. The alga is a simple green plant which, 
like other green plants, manufactures its food 
by the process of photosynthesis - the 
conversion of the carbon dioxide and water 


SOamg/m? 


Zone? 


Zone3 Zones Zones Zone6 
Zonet Zoned Graphix elegans 
+ +\* 
Usnea articulate 
Lobavia amplissa 


Parmelia caperate 


vapour contained in the air into carbohyd- 
rates by exposure to light, On the other hand 
the fungal partner does not have any of the 
green matter (chlorophyll), which is essential 
for photosynthesis 

The simple carbohydrate formed in the 
algal layer is excreted, absorbed by the 
fungus and transformed by it into a different 
carbohydrate. This carbohydrate flow is the 
basis of the symbiotic relationship that has 
developed in the lichen. The transfer of nut- 
rients from alga to fungus is swift: fungi have 
been found to convert sugars derived from 
algae into fungal products within three 
minutes of the start of photosynthesis. The 
alga may also provide the fungus with vit- 
amins and stimulate the growth of the lichen. 
For its part, the fungus takes in water vapour, 
which accelerates the rate of photosynthesis 
in the alga, while the fungus provides shade 
for the alga underneath — some algae such as 
Trebouxia dislike strong light. 


‘The uses of lichens 
Lichens have many uses —as food for animals 
(reindeer obtain two-thirds of their food 


2 Encrusting lichens 
cling close tothe 
surface to which 
they attach ther 
selves. The species 
shown here is 
Caloplaca heppiana, 
itis frequently 

to be found grow- 
ing on walls and 


tombstones, (This 
and similar species 
of lichen can be 
used for dating pur 
poses.) Such lichens 
are often brightly 
coloured —the 
pigment being 
derived from 

the fungal partner. 


supply from lichen (4]), as nesting material 
for birds and as shelter and homes for hun- 
dreds of species of small invertebrates such as 
mites, beetles, snails and moths, Man also has 
derived benefit from lichens. For more than 
two centuries Icelandic moss (Cetraria islan- 
dica) has been prescribed for chest and cough 
ailments. Usnic acid, present in some lichens. 
is used to combat infection from superficial 
wounds and also in the treatment of tuber- 
culosis, Modern medical research has 
revealed the existence of antibiotic sub- 
stances effective against diseases such as 
scarlet fever and pneumonia and lichens are 
used in other industrial processes. Litmus, a 
chemical indicator that turns red in acid solu- 
tions and blue in alkaline ones, is derived 
from Roccella sp of lichen, which grow in 
North Africa and the Canary Islands, 

Lichens are particularly sensitive indi- 
cators of atmospheric pollution [1]. Radioac- 
tive derivatives of strontium and caesium are 
absorbed and retained in high concentra- 
tions, This poses a great threat to the reindeer 
and ~ ultimately ~ to those (Eskimos and 
other northern peoples) who eat them, 


3 Atypical leafy 
lichen is the tree 
lungwort (Lobaria 
pulmonaria), one of 
70 species which 

are mostly sub: 
tropical. The tree 
lungwort occurs in 
the northern tempera- 
ate zone. Its “leaves” 


can grow to lengths 
of 10cm (4in), When 
wet they are bright 
green; when dry. 
yellowish brown. 
Reproduction is 

by means of spores 
produced in cup- 
shaped structure: 
af” surface, 
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4 
A 


4 Reindeer moss 
(Cladonia rangi 
ferina) (B) is the 
staple diet of rein 
deer [A] in the long 
months of the Arctic 
winter when there is 
little other green 
vegetation available 
for consumption, 


Other deer and musk 
oxen also graze large 
quantities of it, 
Lichens contain a 
high proportion of 
carbohydrates which 
provide the large 
amounts of energy 
required In such ex. 
treme conditions. 


Lichens arise from 
the mutually bene- 
ficial partnership 

that can develop 
between an aiga and 
a fungus. Xanthoria 
parietina (A) is com- 
‘monly found along 
coasts on rocks and 
‘on the walls and roofs 
of many buildings 
The bright orange, 
saucer-shaped 
fruiting bodies (apo 
thecia) differ littie 

in structure from 
those of an iso- 
lated fungus. A 
section through 
lichen [B] shows a 
thin upper layer 

of tightly packed 
fungal strands. Em- 
bedded in this upper 
layer are isolated 
green algal cells. 
The main body of 
the lichen is made 
up of enmeshed fun- 
gal strands, below 
which is another 
thin layer similar 

to the upper one. 


However, lichens are 
low in other nutri 
ents. A diet based 
exclusively on lichens 
produces symptoms 
of protein deficiency, 
in Scandinavia 

some species of Clad. 
onia are used to make 
alcohol and suger. 


Zones 


1a scalaris 


Zone6 


Zone7 


Pleurococeus viidis 


Leprariaincana 


Lecanore conieseoldes 


5 Lichen extracts 
were once used to 
loth 

for Scottish kilts 

The lichens coloured 
the cloth yellow, 
brown, red and 
purpie. Int 


tained by overdyeing. 
Lichen extracts are 
now used in the 
manufacture of an 
antibiotic, a 

perfume and litmus. 
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Mosses and liverworts 


Mosses, liverworts and hornworts ~ collee- 
tively known as the bryophytes ~ are among 
the simplest and most primitive of land 
plants. The mosses total some 14,000 
species, the liverworts about 8,000, the 
majority of both groups being tropical. Most 
species favour moist, shady habitats in soil or 
dead leaves or on bark or rocks. Some 
mosses, however, are able to survive many 
months of drought and desiccation. 


‘The structure of bryophytes 
It is generally assumed that the bryophytes 
evolved from green algae and they still retain 
many primitive features that betray this 
ancestry [Key]. Mosses and their allies are 
structurally very simple. Some bryophytes 
bear a superficial resemblance to flowering 
plants but although they appear to have 
stems, leaves and roots these structures are 
much simpler than in higher plants. Liver 
worts are so called because they are often 
roughly liver-shaped and in the Middle Ages 
were reputed to be good for liver disease. 

Leafy liverworts, such as Lophocolea, a 
common liverwort found on damp logs and 


1 Thellfe cycle of 1 
amoss, Polytrichum, 
begins with the dis. 
persal of the tiny 
spherical spor 
acenser 
through gay 
the teeth guarding 
the apex of the cap: 
sule (1. The spores 
[2] germinate to form 
abranched filament, 
the protonema (3) 
The upper parts 

turn green and buds 
appear on those fila 
ments that grow 
into a plant (4} 
Mature male [5] and 
female 7] Polytri: 
chum plants are 
similar. Malo sex or. 
gans 6} are borne in 
aflower-like open 
cup atthe shoot 
apex. Female sex 
organs (8) are borne 
inacluster, also 

at the shoot apex. 
Male sperms [9] 

swim from male to 
female plant and 
fertilize the ogg [10] 
This develops into 
anembryo [11] that 
gives rise tothe 
‘moss sporophyte 
generation. The 
sporophyte borne 
onthe female (12) has 
a capsule holding 
spores |13] produced 
by meiosis. 


by 


Er 
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tree stumps, display “leaves” carried on a 
central “stem”. In the mosses, this adapta 
tion is taken a step further, and the thallus 
shape is lost completely 

The differences between mosses and leafy 
liverworts can be seen externally. The leaves 
of liverworts never have a central midrib and 
are nearly always in two or three rows. Moss 
leaves are never divided in shape and are 
rarely in more than one row. The rhizoids 
the fine hair-like structures that root the 
plant in the soil and absorb nutrients — are 
made up of a single cell in the liverworts, but 
have many cells in the mosses. They also 
differ in the shape of the capsule ~ the spore 
containing structure ~ and in the way that the 
spores are dispersed. In liverworts, the cap- 
sule is oval or spherical and the spores when 
mature are dispersed through four longitud- 
inal splits which develop in the capsule wall. 
In mosses, the capsule is usually cylindrical 
and often has a lid that is shed when the 
spores are mature, exposing a circle of 
“teeth” round the open “mouth’" [1] 

Unlike higher plants, most bryophytes 
have no specialized cells to conduct water 


Hage 


3 Liverworts,suchas 4 —Merchantie polymorpha 
this Marchantiasp, 
sometimes have 
fleshy, umbrella- 
shaped structures 
growing from the 
thallus. These are 
the supports forthe 
sporophyte gener 
ation. Thisis re- 
duced to parasitic 
sacor capsule, con: 
taining spores, be 
neath the lobes of 
the umbrella. Within 
the capsules there 
are also thread- 

like bodies —elaters. 
These help the wind: 
dispersed spores to 
escape from the cap. 
Sule when itdries 
and bursts open. 


and food round the plant (some mosses are 
an exception), nor do they possess woody tis- 
sues hich could support a large body. Thus 
all bryophytes are comparatively small 


‘The need for water 
Despite all these primitive _ features, 
bryophytes show significant adaptations to 
life on land compared with their algal ances- 
tors, which are nearly all confined to water 
The most significant adaptation to the land 
habit is a pattern of alternation of genera- 
tions in which the plants producing sexual 
organs are dominant and the plants pro 
ducing asexual spores are virtually parasitic 
on the dominant form [1] 

Alternation of generations is the rule in 
virtually all plant species. Itimplies that there 
are two distinct stages in the plant life cycle. 
one which has only one complete set of 
chromosomes and another, formed asa result 
of sexual reproduction, which has two sets of 
chromosomes, one from each parent. In the 
algae, both generations may look identical 
but in the bryophytes each is distinet 

The reason for separate generations is 


2 The thallus of the 
liverwort Marchantia 

@)_ Incross-section A) 

© showsunspecialized 
cells [1] bounded by 
surface layers [2] 
‘Scales and rhizoids 
[3)are found onthe 
lower surface. The 
moss stem" [B] 


Pelli fabroniana 


Lunularia eruelote 
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shows a central cyl 
Inder of cells {4} 

that conduct water 
upthe stem. The 
surrounding cells [5] 
conduct food. Un: 
specialized cells 
[6] lie between these 
and the outer 
epidermal layer. 


4 Dispersal units, 
gemmae, enable 
mosses and liver 
wortsto regenerate 
entire adult plants. 
vegetatively from 
small pieces of plant 
tissue. Gemmae may 
be spherical or plate 
like and are borne 

in smalll cups or en: 
velopeson the thallus 
surface. Marchantia 
produces large 
disc-shaped gemmae, 
while those of Lunu- 
laria are biconvex 
and just visibleto 
the naked eye. In 
Pellia, the shoots 
and the margin of 
the thallus separate 
to form new plants. 


that bryophytes need water for sexual 
reproduction, The male sperm must swim — 
using two whip-like flagella — to the female 
egg. Because the male reproductive organs 
and the female reproductive organs may be 
borne on separate plants, there has to be an 
unbroken film of water extending from the 
male organs to those of the female. On land, 
this occurs only during rainfall or after a 
heavy dew, so the evolution of sexual 
reproduction was more risky and less 
dependable as a means of colonizing new 
environments. The bryophyte answer was to 
find a way of making each mating much more 
effective; the fertilized egg became not a 
mature bryophyte plant but a spore- 
producing organism, or sporophyte, depen- 
dent on the mature plant for its food. Each of 
the thousands of spores produced as a result 
of one mating could give rise to a new plant. 
In both mosses and liverworts, the 
sporophyte consists of a foot embedded in 
the tissues of the bryophyte plant. This foot 
usually develops a long stalk and a capsule 
which contains and disperses the spores. 
Anthoceros, the hornwort, is distinct from all 


5 
Andreaea rupestrs: 


a 


Atrichum undutetum 


© 


Ephemeropsis yibodensis 


5 Mosses vary in (2) and thin, pointed 
growth and colour leaves [3]. Schistos- 
accordingto species. _tega pennata, aEuro- 
Andreaea rupestris pean moss, has flat- 
isdark reddish-brown _tened, translucent 
withtiny capsules [1] leaves. Atrichum un- 
that open by four dulatumis common on 


longitudinal slits, 


heaths and in woods, 
and has a capsule [4] 


lian species with 
distinctive capsule 


cap. Fontinalis anti- 
pyreticais an aqua- 


Dawsonis polytricholdes 


other bryophytes because its spore- 
producing structure consists of only a foot 
anda capsule. 

Bryophytes can also reproduce vegeta- 
tively, often from small detached fragments. 
Many have developed specialized deciduous 
shoots or groups of cells called gemmae from 
which the entire adult can regenerate [4] 


Important bryophytes 
Sphagnum [6], the moss of the peat bogs, is 
another untypical bryophyte as well as being 
the only one which is of any commercial 
importance, being widely used in horticul- 
ture. Because it is able to soak up and retain 
large amounts of water it can be used asa sur- 
face mulch for water conservation. Dried and 
partially decomposed it may be added to 
heavy clay soils to improve their texture. Peat 
is dug and burned as fossil fuel in some parts 
of northern Europe. Bryophytes also play a 
significant role in soil ecology. They prevent 
erosion and retain surface water, and they 
help to break down rocks to soil 

Bryophytes, however, are believed not to 
have given rise to any other plant groups. 


Schistostege pernata 


Fontinatis 
antipyretica 


Polytrichum commune 


ticmoss [5] whose hasaspore-producing 
boat-shapedieaves body that resembles 
haveasharpkeel (6); anumbrella, Polytri- 
thecapsulesareob- chum communeisex- 


Jong or cylindrical 
[5,7] and there isa 
pointed cap [8]. Eph- 


tremely common and 
has a capsule [9] that 
looks like a four- 


‘emeropsis tibodensis sided box. It bears 
extensive pro- along, golden brown 
. whilethe ma- cap [10] which is 

ture plant is small, released before the 

Splachnum|luteum _sporesare dispersed. 


wey 


ak 


Conocephalum conicum 


Dawsonia polytricholdes 


Plagiochite 
asplenioldex 


Sphagnum 
nubellum 


popilosum 


6 The peat mosses 
(Sphagnum spp) can 
absorb and retain 


‘enormous amounts of 


water —over 25 
times their own dry 
weight. They canre- 
produce asexually 
‘extremely efficiently 
by separating off 
branches. Asare- 
‘sult, open stretches 


m7 


‘of water that aro 
colonized by Sphag- 
num species are 
drained by the ever 
encroaching moss, 
while the level i 
raised by dead and 
decaying moss tissue 
accumulating on the 
surface. Atanearly 
stage in the form- 
ation of a peat bog, 


worts are almost 
certainly descended 
fromaigae and show 
stages in the develop- 
ment ofa land habit. 
The thallose liver- 
wort Conocephalum 
conicum, for exampl 
with dark green, rib 
bon-like branches, 
looks rather like a 
thalloid green alga. 
Piagiochila aspleniol- 
des, aleaty liver- 
wort, shows a new 
development: the 
thallus has become 
divided to givethe 
appearance of acen- 
tral “'stem” bearing 
large rounded 
“Yeaves”. This devel- 
‘opment is most 
marked in mosses 
(Dawsonia polytricho- 
idesis an Austra- 

lian example) where 
the plant grows in 
anupright manner 


‘Sphagnum subsecundum 
vor inurdfatum 


the water surface is 
covered with adense 
matof Sphagnum 
and other species, 
forming atreach- 
erous “quaking bog", 
‘These bogs are 
capable eventually of 
supporting large 
trees andintime the 
swampisentirely 
placed by woodland, 


7 The hornwort 
(Ceratophyilum sp) (A), 
is a rare plant found in 
moist, shady places. 
Long sporophytes 

[8], growing from 

the upper surface of 
the plant, arefed 
fromthe gameto- 
phyte [1] by afoot 

[2]. Fertile spores 

[3) develop fromthe 
tissues round the 
sterile central 

column (4) 
released when the 
capsule splits. The 
plant [C} often has 
cavities [5] con- 
taining colonies of 
blue-green algae. 
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Ferns and horsetails 


Ferns, horsetails and club-mosses, the 
pteridophytes, are the most primitive mem- 
bers of the plant kingdom and have a system 
of tubes (a vascular system) to conduct water 
and food around the plant [2]. This charac- 
teristic they share with flowering plants and, 
like the mosses and liverworts, the 
pteridophytes have a life cycle [1] that shows 
well-marked alternation of generations, 


The pteridophyte life cycle 
The dominant part of the pteridophyte 
plant’s development is known as the 
sporophyte stage and is involved with the 
production of asexual spores. When they 
germinate, fern spores give rise to small, 
insignificant plants (prothalli) that look 
rather like liverworts, These are called 
gametophytes because they produce the sex 
cells. For male and female sex cells to come 
together, fuse and give rise to a new spore- 
producing plant, water is essential because 
without it the male cells could not “swim” to 
the female cells. This need for water explains 
why most ferns and horsetails can exist only 
in damp environments and also why they are 


1 


1 The dominant plant 
in the life cycle of 
Dryopteris, the male 
fern, is the spore 
producer (1), From 
brown patches, the 
sori (3), on the leat 
undersides [2] asex 
val spores [6] are pro. 
duced from masses 


3Whisk torn 
Psilotum nudum 


of tissues known as 
sporangia [4]. The 
spores float dust-like 
on the breeze and ger 
minate in damp places 
(6). Each forms a heart 
shaped prothallus [7] 
that measures 1~2cm 
(0.5-0.75in) long. On. 
the underside of the 


called cryptogams, a name that means 
hidden marriage”. To early botanists the 
sexual lives of ferns were a mystery because 
they did not produce easily visible structures 
such as pollen, fruits and seeds in the way that 
flowering plants do. 


Where ferns are found 
Ferns and horsetails have become greatly 
reduced in numbers from their abundance in 
the Carboniferous period [Key], but this does 
not mean that they are no longer of impor- 
tance in the plant population. One has merely 
to see a hillside of bracken turn golden- 
brown in autumn to realize that some species 
of fern are still very common indeed, The key 
role of water in the reproduction of ferns 
means that most species occur in warm, damp 
regions. In forest and jungle, the enormous 
complex fronds of tropical ferns, quite 
unsuited to dry or exposed habitats, are 
ideally suited to capturing the maximum 
amount of light available in the forest shade 
Ferns also occur in many other habitats ~ 
even as far north as the Arctic tundra - and 
n grow in amazing abundance. 


prothallus male (an- 
theridia) and female 
(archegonia) organs 
containing sex cells 
(gametes) are formed 
The motile male 
gamete swims to and 
fuses with the female. 
Thence a new 
sporophyte forms (8} 


3 The whisk fern 4 
isa primitive fern 

relative belonging 

toa group known as 

the Psitotales. It 


tropical world but 
only “squeezes” into 
Europe. It has a 
green stem bear: 

ing bilobed spore 
leaves (sporophyils) 
Each of these 


has a three-chamber- 
‘ed sporangium (spore 
bearer) (1) on it. The 
plant has no 

roots but instead 
bears a swollen 
underground stem. 


La 


‘Stag’s horn moss 
Lycopadium clavatum 


There are about 10,000 species of ferns. 
‘The greatest number and diversity (about 
500 species) are found in South-East Asia 
where ferns and horsetails [7] cover much of 
the jungle floor and also grow in the boles of 
the trees. In contrast there are only about 150 
species of ferns and fern allies to be found 
growing in the countries of Europe. 


Useful and ornamental species 

Few pteridophytes are of economic impor- 
tance but some are eaten, especially in Japan. 
Spores of the club-moss Lycopodium, which 
form a very light, mobile powder, were once 
used for demonstration purposes in physics 
experiments to reveal the vibration patterns 
on an object, such as a drum skin, that was 
generating sound. Anextract of the male fern 
(Dryopteris sp) was once commonly used as 
highly effective and relatively safe vermifuge 
or “worm powder” for human beings ~ other 
substances used for this purpose such as yew 
leaves were rather hazardous, Bracken 
(Preridium aquilinum) is one of the very few 
ferns regarded by man as a “weed”. With its 
rapid growth and persistence it is responsible 


sporangi 


4 Club-mosses a/ 
widespread descend- 
ants of a plant group 
that reached its 


years ago, and whose 
fossil remains are 
found in coal, The types 
that remain today 
stag’s horn moss grow 


Root from tropics to tundra 


CONNECTIONS: 


2 Ferns have more 
primitive systems 
for conducting water 
and mineral salts 
(vascular systems) 
than do flowering 
plants. The xylem 
or water-conducting 
tissue [1] is made 
Up of tracheid: 
single elongated 
cells with stiffening. 
Instead of the xylem 
and phloem (food: 
conducting tissue) 
[2] being arranged 

in bundles as they 
are in higher plants 
there is a more prim: 
itive arrangement 
The simplest fern 
jem [A] consists of 
a solid mass of 
xylom completaly sur 
rounded by phloem, 
pericycle [3] and 
endodermis (4), This 
is.@ protostele. An: 
other arrangement is 
the solenostele [8] 
which may be hollow 
or contain pith {5} 


5 Selagineliais 8 
relation of the club- 
mosses but differs 
in that its leaves 

have a small ou 
growth at the base, 
known as the ligule. 
Many species are 
restricted to tropical 
rain forests where 
they flourish in the 
perpetual humidity. 


for ruining large areas of pasture land in 
Britain. 

Many ferns are grown in gardens and 
greenhouses because, once established, they 
ire highly tolerant of conditions unsuitable 
tor most flowering plants. During the reign of 
Queen Victoria (1837-1901) there was a 
craze for fern collecting and certain types of 
fern, especially the so-called filmy ferns [11] 
with very delicate leaves only one cell thick 
were collected and grown in Wardian cases 
(sealed glass boxes). This led to a serious 
depletion of some ferns in the wild in both 
Britain and Europe. Certain other genera 
such as Woodsia, a fern of high mountain 
regions, were also over-collected 


Many forms of various fern species found 
in the wild are grown in nursery gardens. 
Some of these forms have such names as 


Phyllitis scolopendrium “palmatum” (pal- 
mate, or hand-shaped, harts-tongue) and 
Asplenium trichomanes “cristatum’” (crested 
maidenhair spleenwort). Many of the more 
common fern species can still be grown in 
shady spots in gardens where the soil is poor 

Certain ferns, such as Salvinia and Azolla 


7 Marsh horsetail 
Equistetum palustre 


f 


Common quiliwort 
Isoetes lacustris 


spp [8], live totally in water 
genera are native to tropical and subtropical 
regions but have been widely introduced into 
Europe. Water ferns can form large mats 
over ponds and Azolla often turns crimson. 
The horsetails (Equisetum spp) are fern 
allies that vary from small creeping plants 10 
scramblers reaching up to about 9m (30ft). 
Many of the species have much silica (sand- 
like material that is very rough and sc 
in their stems, One of them, the 
rush” (Equisetem hyemale), was once used 
for scouring pans and can still be bought in 
music shops for shaving down and smoothing 
the reeds of clarinets and saxophones. Horse 
tails are almost impossible to erad 
True ferns can often be recognized even 
when they do not resemble ferns (pillwort 
looks like a fine grass) by the characteristic 
way in which the new shoot tips unroll. In 
ferns they appear to unwind like a spring, a 
phenomenon known as “circinate 
tion”. Thick-stemmed ferns in the 


These two 


verna. 
carly 


stages of shooting resemble crosiers, 
fiddle heads, and hence have been given 
these common names. 


or 


Tertiary 


Jurassic 


Triassic 


Carboniferous 


Devonian. 
Silurian 


‘The true relationships 
between pteridophytes 
is not known due to 

a lack of fossil 
evidence. The number 
of living species is 
small compared to the 
abundance of forms, 


6 The common quill- 
wort is an aquatic 
member of the genus 
Isoetes, a group 

that also includes 

a few terrestrial 
species, The stem 

of the plant is 
compressed into a 
tuber-like structure, 


7 The marsh horsetail 
is one of 25 surviving 
members of a genus 
widespread in Carbon: 
iferous times, The 
sporangia, spore-bear 
ing tissues, are 
grouped into cones 
that may tip 
branched shoots. 


8 The water fern 
(Salvinia sp) occurs in 
Africa and grows so 
rapidly that It may 
completely choke 
lakes and ponds, 
During the construc: 
tion of the Kariba dam, 
two species were 
allowed to meet and 


hybridize. This 
hybrid showed so 
much vigour that in 
a short while this 
man-made” species, 
named Salvinia 
molesta, lived up to 
its title and caused 
Serious economic 
problems in the area. 


10 The tree ferns, 
such as Dicksonia, 
build up a trunk of 
leat bases like 

palms. Most tree 
ferns are tropical 

but this species 
(Dicksonia antarctica) 
is found in eastern 
Australia, 


11 The delicate, 
humidity-loving filmy 
ferns have fronds 
that are only a 
single cell thick 

In Victorian times 
they were much col 
lected and grown 
with great care in 
so-called War 

dian cases or in 
greenhouses 


in the Carbonifer- 
‘ous period which 
was truly the age of 
ferns. It was in 

this period that 
enormous beds of 
plants were fossil 
ized to form coal 


Royal torn 
Oxmunds regalis 


9 The royal or 
flowering fern flou 
rishes in wet, peaty 
areas all over the 
world. It is common 
in western Europe 
but because it is 
often collected and 
moved to gardens its 
European represent. 


2 


seams, The modern 
groups that remain 
are the Psilotales 
[1], club-mosses (2) 
the selaginellas (3), 
quillworts [4], the 
horsetails [6] and 
lastly the ferns (6) 


(0) ® 


eS 


atives are becoming 
rare. The fronds of the 
fern show a marked 
difference between 
those that are 

sterile [1] and those 
that are spore 
bearing [2]. The 
fronds may grow to 
3.5m (10ft) long, 


‘Stag’s horn fern 
Platyeerium biturcatum 


12 The stag’s horn 
fern has flat, spread- 
ing basal leaves 
which are often 
brown, These may 
create a “plate” 
from which forked, 
fertile fronds pro. 
ject. its distribu 

tion is from tropical 
Africa to India 

and Australia, 


The cone bearers 


A significant proportion of the world’s 
vegetation is classified as gymnosperms 
plants with naked seeds. The group - which 
includes the conifers, whose seeds are nor- 
mally borne in structures called cones - con- 
sists of about 66 genera with 600 species that 
are woody plants, mostly with bark; they 
have primitive male and female flowers, and 
all have two or more seed leaves. 


Development of gymnosperms 
Gymnosperms were of great importance in 
prehistoric times. They were a highly varied 
group that dominated the world’s flora in the 
Mesozoic era more than 220 million years 
ago. Today they are represented only by a 
relatively small remnant of those earlier 
species, but they still form a very important 
section of the world’s flora, including well- 
known trees such as firs, pines and yews. 

The seed plants differ from the ferns, or 
pteridophytes, in the alternating generations 
between sexual and asexual, or spore- 
producing, stages. As the male and the 
female cells of the sexual generation became 
specialized in ferns and primitive gymno- 
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1 The reproductive 
eyele of the Norway 
Spruce starts when 


male cone (1) a1 
blown on to two unfer- 
tilized eggs [5] on 
scales [6] of the fe- 


3 The California 
redwoods (Sequoi 
sempervirens) are 
magnificent examples 
of cone-bearing 
trees. The tallest 
tree in the worid, 


sperms, the male cells were motile, with 
whiplash flagella that enabled the sperms to 
move through water or a film of moisture 
This happens in cycads and ginkgo, but the 
“swimming” stage has disappeared in the 
pine and all flowering plants, thus releasing 
them from the restriction of needing water 
for the last stage of the fertilization process 

In conifers fertilization is a complex pro- 
cess that takes a long time. In the pine (Pinus 
sp) it takes three years for the pollen grains to 
mature, Each grain has two wings to facilitate 
wind pollination and a mature tree can pro- 
duce about Ikg (2.2Ib) of pollen each year, 
which may be blown for some hundreds of 
kilometres downwind. The pollen grain 
landing on a female cone can take a year or 
more to grow in and fuse with the cell inside, 
and two more years may pass before the cone 
is mature and the seeds enclosed within it are 
ripe and ready for dispersal 


Groups of gymnosperms 
There are five main sub-groups of gymno- 
sperms. The Cycadales are tropical, palm- 
like trees known as tree-ferns or cycads {12} 


malecones|4].The 5 
pollen grain nucleus 
passes downt! 

[land fuses 
the female nucleus 
[8] to form a winged 
‘seed on each scale [9]. 
‘The seeds disperse 
and the embryo [10] 
germinates (11, 12]. 


growing in Redwood 
Creek Valley, California, 
is 112m (367ft) 

tall and has a girth 

of about 14m (46ft) 
measured at 1.5m (5ft) 
above the ground. 


& 


4 The Rocky Moun- 
tain bristie-cone or 
hickory pine (Pinus 
@ristata) is one of a 
group of related 
trees believed to be 
the oldest living 
plants on earth, 

One specimen of 
these short-leaved, 
gnarled trees is said 
to be 5,000 years old. 


The cones of cycads can be very large, and in 
one species, Encephalanos caffer, cones 
weighing 42kg (92Ib) have been reported — 
the largest cones known on any plant 
Another species, the Australian Macrozamia 
peroffskyana, has cones 60cm (2ft) long, 

The Ginkgoales group contains only one 
living genus and one species, namely the 
maidenhair tree (Ginkgo biloba) [10]. It was 
thought that this species, too, had become 
extinct as a wild plant, but in recent years 
Chinese botanists have found some wild 
maidenhair trees, thus confirming that it does 
still exist in the wild state. It is a common 
avenue tree in American cities. The group 
that includes yews and podocarps is known as 
the Taxales and all its members have fleshy 
fruits. They are the only gymnosperms that 
do not produce cones. The fourth group of 
gymnosperms, the Gnetales, include the 
Welwitschia [11], a small, specialized class, 

Most important of the gymnosperms are 
the Coniferales, the group that contains 48 
out of the total of 66 gymnosperm genera 
These are mainly evergreen, temperate trees 
with needle-like or scale-like leaves [Key] 


5 Podocarps or 
yellow-woods are 
Native to tropical 


bear berry-like 
cones, some of which 


i? 


Willow-leat podocarp 
Podocerpus saligna 


grows in the Andes of 
southern Chile. 


6 True cypress trees 


fers of North America, 
Europe and Asia. 

The ltalian form of 
the Mediterranean 
cypress (Cupressus 
sempervirens stricta) 
is commonly planted 
in formal gardens. 


7 The Chilean pine, 
better known as the 
monkey puzzle, has: 
characteristically 
stiff, dark green 
eaves on tiered 
branches. Resin from 
the bark is used in 
medicinal prepara: 
tions and seeds of 
the large female 
cones are edible. 


8 Common juniper 


8 eo lard 
pane . 


2 The wood of coni- 
ferous trees is 
called softwood 
because it ily 
worked, Characteris- 
tic of gymnosperms 
the absence of 
vessels in the vas- 
cular or water- and 

conducting 
In cross. 


shows a single type 
of call tracheid or 
fibre {1}; when mag 
nified this looks 


down in spring alter- 
nate with smaller 
summer tracheids 
forming annual rings 
[2]. The tubes serve 


the transport of sap 
through minute open- 
ings called pits (3) 

At right-angles to 

the rings, rays (4) 
radiate from the 
centre for movement 
of sap and water, 


Juniperus 
communis 


8 Junipers are 
chiefly Northern 
Hemisphere ever- 
greens. The fruits, 
although commonly 
called berries, are 
true cones with 
overlapping scales 
that look like ber- 
ries. The fruits of 
‘one species are 
used to flavour gin 


10 


and they often form the dominant vegetation 
in colder parts of the world, being especially 
abundant in temperate forests both north and 
south of the Equator. Economically they are 
of great importance as timber trees. Conifers 
are often grouped together as “firs” and most 
have softwood timber containing resin. This 
is formed in minute canals that run through 
the wood giving the characteristic turpentine 
smell to freshly sawn softwood and is the 
commercial source of many useful resins. 


The recognition of conifers 
The “firs” comprise a diverse group of trees, 
most of which can be identified by the shape 
of their cones and the number and grouping 
of their leaves or “needles”. In the pines, for 
example, there are only two, three or five 
needles together. In cedars (Cedrus spp) the 
needles are in bundles or clusters of many 
individuals, firm and evergreen. The larches 
(Larix spp) [9], also have many needles in 
clusters but these are deciduous. 

When the young twigs remain green 
through the summer the conifer may be a yew 
(Taxus sp) if the needles are long but short 


stalked; Japanese cypress (Cryptomeria sp) if 
the leaves are small scales grouped in spirals, 
or a Californian big tree (Sequoiadendron). 
Where the needles are arranged in two rows 
‘on short shoots that are soft to the touch and 
fall in autumn, the swamp cypress (Taxodium 
sp) has these short shoots arranged singly, 
while the dawn redwood (Metasequoia sp) 
has the short shoots opposite in pairs on the 
stem. Another distinction is a clear stalking 
of the needles; where this occurs and the tree 
top overhangs, it is a hemlock (Tsuga sp) 
‘The Douglas fir (Pseudotsuga taxifolia) has 
sharp-pointed buds and lemon-scented 
needles. The silver firs (Abies spp) have 
characteristic round scars where needles are 
pulled off, while a spruce (Picea sp) needle 
takes a small piece of stem with it 

‘The conifer trees are mostly evergreens. 
One of the exceptions is the larch, which is 
deciduous. Most historic among the gymno- 
sperms is the dawn redwood. Like the ginkgo 
it is a “living fossil” and it was only in 1941 
that Chinese botanists found specimens of a 
tree new to them. Later expeditions found 25 
trees of this species. 


1 Welwitschie 
» 


10 The maidenhair 
tree (Ginkgo biloba) 
[1] has typically 
lobed leaves [2] 
with parallel veins. 
The sexes are se; 
ate: female trees 
bear ovules (3), male 
ones [4] produce 
pollen. The young 
ovule [5] matures 
into a structure (61 
equipped to receive 
pollen, On landing 
‘on the ovule, pollen 
is drawn into the 
pollen chamber (7], 
Two large motile 
spermatozoids (8) 
are produced, fo 
lization takes 
place and a naked 
seed is formed (9). 


a n 
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Conifers can be iden- 
tified by their 
shapes, needles and 
cones. The Scots 
pine (Pinus syives- 
tris) [A] has a flat 
tened crown and tri- 
angular cones. The 


larch (Larix decidua) 
[B], as its name sug: 
gests, is one of the 
few deciduous coni: 
fers. Ithas open 
cones. The Nor. 

way spruce (Picea 
abies) [C| has long, 


9 The larch genus 
Includes about a 
dozen species that 
are native to the 

cool, temperate 
regions of the North 
‘ern Hemisphere, 
Some of them are 
among the most com: 
monly planted timber 
trees. Larches grow 
tall and straight, and 
their coarse-grained, 
hard, heavy, rot 
resistant wood is 
Used in the making 

of ships’ masts, 
telegraph pol 

pit props. But 
people also grow 
larches purely for 


CLareh 
Larix sp 


Female a 


“Larch rose" 


11 The Welwitschia 
is a remarkable 
woody plant, the 
sole member of its 
family. Itis adap: 
ted to desert life 

by restricted water 
loss, and it grows: 
‘only in parts of 
South-West Africa, 


back to Triassic 
times. They look like 
palms or ferns and 
today are found in 
the tropics. Cycas 
revoluta, from Japan, 
is widely grown in 


warm areas, and in 
conservatories in 
cooler regions. 


Male cone 


Sood fern (Cycad) 
Cyeos revoluta 


pendulous cones 
and is the European 
Christmas tree. The 
Douglas fir (Pseudo- 
tsuga taxifolia) {0} 
has cones with 
pointed scales and 
long, soft needles. 


ornament because of 
their pleasing shape. 
In forests [A] the 
trees grow rapidly, 


types can be selec- 
ted. In the open [8] 
larch trees grow a 
fine regular crown, 
Larches are decidu: 
ous and sessile 
cont 


‘on bare 
igs appear in 

rly spring. [C] Male 
flowers are small, 
silvery and incon- 
spicuous; female 
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Pines and other conifers 


The conifers, as their name suggests, are 
plants with cones. But what makes them most 
remarkable is their size and longevity. Con- 
ifers are by far the largest plants on earth and 
at their tallest - the maximum is 112m 
(367ft) - literally “reach for the sky”. For 
man a century is a remarkable lifespan, but 
some conifers live for a thousand years 

The conifers are classified into cight 
families, and of the 50 genera 33 are confined 
to the Northern Hemisphere. Nearly all are 
evergreens with tough, dark-green needle 
like or scale-like leaves and they form dense 
and deeply shaded forests. 

Man has used conifers for hundreds of 
years, particularly for timber and for paper 
making, and these trees have the added 
advantage of being able to thrive on poor, 
thin soil where arable farming is impossible 
Conifers add wood to their stems faster than 
broadleaves do and can thrive even where the 
sun's rays are weak 

Conifers are also ornamental and have 
graced gardens and palaces since ancient 
times. Their upstanding, formal appearance 
adds elegance to man-made architecture. 


3 Lawson cypress 
Chamaecyparis Jawsoniana 


1 Tamarack Larie laricina 


1 The Tamarack or 
American larch of 
eastern North Amer- 
ica can growtoa 
height of 18m (60ft), 
Like other larches 
this conifer is unusual 
in being deciduous 
and not evergreen, All 
are classified with 
the pines (family Pin: 
aceae). They have 
resinous, weather. 
resistant timber. 


4 The cyprosses are 
well known as orna: 
mental garden trees 
and include golden 
varieties. This 
species, Cupressus 
‘macrocarpa, which 
grows toa height of 
45m (150f) is seen, 
here in a Mediter- 
ranean setting. All 15- 
20 species of cypress 
are distinguished by 
their scale-like leaves 
with which the twigs 
are densely covered. 


3 One of the tallest 
of conifers, the Law- 
son cypress, can grow 
toa height of 60m 
(200ft) and live for 
600 years. It is also 
known as Oregon 
cedar and is grown 
both for its attractive 
looks and its timber. 
This member of the 
family Cupressaceae 
is native to California 
and Oregon. There 
are six related 
species in Japan 
and North America, 


5 The Scots pine 
(Pinus sylvestris) is 
seen here in the 
setting trom which 
its name is derived 
onthe shores of a 
Scottish loch. This 
tree, which can 
grow 0.6 to 0.9m (2 
to 3ft) a year for 


2 The white spruce 
grows in the far 
north of Canada and 
like other spruces 
isa prized timber 
tree. It reaches a 
height of 23m (75ft) 


2010 30 years is 
the best known of the 
family Pinaceae. 

All pines (Pinus spp) 
have two kinds of 
leaves; there 
brown, scale leaves 
on the long shoots and 
needie-shaped ones 
onthe short shoots. 


White spruce 


6 The Norway 
spruce (Picea abies) 
is the commonest spe 
cies of Picea and 
Europe's tallest nati 
fe, reaching a height 
of 54m (180ft). It is 
seen here growing in 
the Italian Tyrol, 

in the foothills of 


CONNECTIONS 
See also 


the Alps. The tree 
may live more than 
1.000 years and 

ay not reach matur 
ity (as shown by the 
production of cones) 
Until it is 30 years 
old. It can tolerate 
shade and thus 
forms thick forests, 


7 Common yew Tax 


baccata 


7 The yew tree 


which grows up to 
8m (25ft) high, is 
3 member of the 
family Taxaceae 


Biga 


ne ping Bishop pine 


Pinus muricata 


Pitch pine 


Pinus rigida 


Pinus ponderosa 


Eastorn white 


10 The Phoenician 
juniper of the Medi 
terranean can grow 
for ten centuries. 

Its berry-like cones, 
have a bloom on them 
when young which 
they lose as they 
ripen and turn a. 
reddish-brown colour 


11 The stone or 
umbrella pine (Pinus 
pinea), one of the 
classic Mediterran 
ean landscape trees, 
grows to a height of 
7m (20ft). Its shape 
is remarkably con: 
stant, both in gardens 
and in the wild. 


Red pine 


. 
ai 


er 


be 


Loblolly pine 


Pinu 


Shon 


Pinus contorts 


ss taeda 


¢ ping 


Lodgupole pine 
Pinus cantorta 


Stash pine 
Pinus elliott 


8 The jelecote pine 
isa small graceful 
Mexican tree with 
drooping, bright 
green needles, 

8 


9 Western white 
omticala 


9 The western white 
pine grows to S4m, 
(180) in the US 
state of idaho. 


Jelocote pine 
Pinus patula 


12 The trees shown 
? : below are all North 
American species ot 
pine and ore depict 
ed as they would 
appear in their 
prime and shaped as 
they would be in open 
ground, Although all 
are mombers of the 
genus Pinus there are 
definite ditfere 
between species 
in silhouette and in 
the shope and size of 
the cones. As these 
pines grow older they 
do not become much 
“se taller but grow wider 
Pea at their crowns and 
Bie also more branchy, 


alae 


Longleaf pine 
Pinus palustris 


Monterey pina 
Pinus radiata 


Sugar pine 
Pinus lambertiona 


Whitebatk pine 
Pinus albicaulis 
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Flowering plants: two seed leaves 


Most of the flowering plants belong to a 
group that botanists call the dicotyledons 
because within the seeds of these plants the 
embryo has two separate seed leaves or 
cotyledons attached to it which often act as 
food supplies. Such plants have a charac- 
teristic internal anatomy [Key]. The many 
woody shrubs and trees among dicotyledons 
provide useful timber, but the non-woody 
dicotyledons are just as valuable to man 
because many of them are food plants. 


Worldwide dicotyledon distribution 

Non-woody dicotyledons occur almost 
everywhere; each continent has a large 
population, including the Atctic and the 
Antarctic. These plants fill many different 
ecological niches and colonize all types of 
habitat except permanent snow andice, from 
natural regions such as marshes, forests, 
rocky cliffs and pastures to totally man-made 
areas such as walls, roofs, roadsides and 
demolition or clearance sites, Some thrive in 
the driest deserts, others grow totally 
immersed in fresh or salt water, Thislast type 
of habitat, salt water, often causes a curious 


Colerysteaved 
buttercup, 
A sceleratus 


EE: 


Re tiaitans 


4 Grass of Parnas- 
not a grass but 


curs in damp grass- 
land in Europe and 
throughout temperate 
Asia. The pretty five- 
petalled white flower 
hi 


minodes that entice 
insects into visiting 
the plant in search 
of nectar. This is the 
‘only means the plant 
has of attracting in- 
‘sect visitors, which 
then pollinate it. The 
flower stalk has 

a heart-shaped 

leat, whose base 
surrounds the stem 
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Grass of Paingssus 
Parnanser natustrs 


state known as physiological drought, in 
which the plant behaves rather like a desert 
cactus in retaining its internal moisture 


Ornamentals and food providers 
Almost all families of dicotyledons provide 
plants that are used for food or grown as 
‘ornamentals. Many buttercups [1] and their 
relatives (family Ranunculaceae) are grown 
4s ornamental garden flowers: these include 
anemones, pasque flowers (Pulsatilla spp), 
delphiniums and clematis. In the crucifer 
family (Cruciferae) a few species such as 
stocks, wallflowers, honesty and alyssum are 
grown as garden flowers, but much more 
important are the cabbage and its many rela- 
tions of the genus Brassica. Cabbage, brus- 
sels sprouts, cauliflower, broccoli, curly kale 
and many other cabbage-like vegetables are 
surprisingly all different forms of a single 
plant species. Other crucifers are rape, an 
important source of vegetable oil, black and 
white mustard, swedes and turnips. 

Another important crop family is the Sol- 
anaceae or nightshade family, which includes 
the potato, tomato and many drug sources 


1 Buttercups are 
common plants of the 
family Ranunculaceae 
that vary greatly in 
shape and size 

and occur in many 
ecological nicher 
from water to mead- 
ows. The crowfoots 
are generally aquatic 
and have white flowers. 
Their leaves are of 

two kinds — floating 
and submerged. 

Other butt 
cups of different 
‘species graw on dry 
land, but each occu: 
separate hab- 
itat and has di 
tinctive anatomical 
characteristics 
Ranunculus 


name suggests, has an 
underground bulb, 
Both the creeping 
Ranunculus repens 
and bulbous butter- 
cups are prolific 
woeds of meadows 
and gardens, 


5 The creeping cinque- 
foil is a member 
af the widespread 


common 
weed in gardens and 
flolds. Ithas 

yellow flowers and 
leaves with five 
leaflets like 1 
of ahand. 


SyIbous buttereup 
A bultosus fing 
The roots grow from 
the stem at intervals 
known as nodes, 


Creeping einquutou 
atentilla reptans 


such as deadly nightshade and henbane. The 
daisy family (Compositae) [7] provides not 
only many decorative flowers but also 
artichokes (Jerusalem and globe), lettuce, 
chicory, endive and oil crops such as sun- 
flower. The rose family (Rosaceae) is rep- 
resented by orchard fruits (apples, pears, 
plums, peaches), blackberries, raspberries, 
strawberries and garden flowers throughout 
the temperate world, Among the latter are 
geums, lady's-mantles, Kerria, Dryas and, of 
course, roses. Besides food and ornamental 
plants, certain families, such as the dead 
nettle family (Labiatae) with its many 
aromatic species, have been used from 
ancient times as flavourings. These include 
mint [11], thyme, sage, basil and marjoram. 
Fruits of certain families are also aromatic 
and are known as spices. Examples from the 
carrot family (Umbelliferae) are dill, fennel, 
coriander and caraway seeds. The roots of a 
few species are also used as spices. Among 
these are horseradish and liquorice 

Other plant families yield fibres for elo- 
thing or cordage. The mallow family (Mal- 
vaceae) is represented by the cotton plant. 


2 The meadow cranes- 
bill is a beautiful 
plant common on 
roadside verges. 
There isa rare 

thas 
Clos 
ly rolated is the 


frequently cult- 
ivated South African 
genus. Pelargonium, 
which is also known 
the geranium, 
name “cranes- 

" derives from 

the shape of the fruit 


Geranwum pratense 


6 The rue-leaved 
saxifrage is 3 rare 
plant of rocks, 
walls and dry soils, 
itis a member of 
the widespread fam- 
ily Saxifragacean, 
whose name, which in 
Latin means “breaker 
of rocks”, illustrates 
tha kind of stony 

9 that thi 
wt and its rela- 
tives occupy, 
Saxifrages are 
frequently grown as 
rockery plants ~ 
examples are the 
mossy saxifrage 
(Saxifraga hypnoides) 
and the hardy hybrid 
London pride 
{Saxifragax geum), 


Depttora pink 
Dianthus amen 


panngecn 
eae 
Kou iow 
Foueinppars 


The te dest 


3 The Deptford pink 
is amember of the 
family Caryophyil 
aceae and is closely 
related to garden, 
carnations. it has 

‘8 wide range and is 
found on sandy 
soils throughout 
Europe; it has also 
been introduced into 
North America 
Although it 
rare plant, local 
populations may 
be quite extensive, 


and flax belongs to its own family (Linaceae), 
Hemp, or Cannabis sativa (family Can- 
nubiaceae) provides the drug cannabis and 
also yields the familiar cordage fibre. Some 
herbaceous dicotyledons grow in places 
where the supply of nutrients from the 
environment is very poor, such as bogs. 


Insectivorous plants 

Plants have evolved to fill low-nutrient 
niches and in order to obtain the missing nut- 
rients (especially nitrogen) some resort to 
trapping, digesting and absorbing insects. 
These insectivorous species belong to several 
families. They include the sundews, butter 
worts and bladderworts of Europe and the 
pitcher plants of the genera Sarracenia and 
Nepenthes, which are found in the tropics and 
subtropics. These plants have many different 
ways of catching their food. Sundews 
(Drosera spp) trap insects by means of “fly- 
paper”. They haye short tentacles coated 


with sticky “glue" and insects passing close to 
the plants or landing on them get stuck. The 
plants then produce digestive enzymes that 
dissolve the insect and the plants absorb the 


Coltstoot 
Tuswlago tartare 


Stinging nettle 
Uiniea diowca 


9 The parasitic dod- 
der attacks few plants 
‘except the stinging 
nettle. It feeds by 
haustoria (1), modi: 
fied “roots” that 
enter the host plant 


Dadaer 
europe 


nutrient fluid. Butterworts (Pinguicula spp) 
behave similarly, but produce the glue over 
the whole leaf surface 

Bladderworts (Utricularia spp) grow in 
water and have traps, each one of which isa 
small vesicle with a door and signal hairs 
growing near it, When a small water creature 
touches these hairs, the door opens and both 
water and creature rush into the trap where 
digestive enzymes break down the food. The 
pitcher plants are basically pitfall traps that 
attract insects and other small creatures to 
the top of a container, often by the promise of 
nectar; the victim eventually slips on the 
smooth surface and falls into a soup of 
enzymes where hairs directed downwards 
trap it until it drowns. The best known insee- 
tivorous plant is probably the Venus fly-trap 
(Dionaea muscipula), the leaf of which has a 
hinged trap at its tip with touch-sensitive 
hairs. These will not respond to a single 
touch, but require a short burst of touches. 
such as that given by a moving insect, to 
trigger off a response, bringing the two halves 
of the trap together with a sudden snap. The 
trapped prey is then dissolved and digested 


7 Coltsfoot is a 
well-known composite 
whose yellow dande: 
lion-tike flower 
appears before the 
laves. Coltsfoot is 


cough cure. Its name 
comes from the shape 
of its leaves, which 


‘of which the black 
bindweed is one, are 

a group of 900 
species which include 
in their numbers dock, 
sorrel and many other 
common weeds, The 
name of the family 
‘comes from the knot- 
like formations th 
‘grow on the plant 
stems. The plants 

are found worldwide. 


Opium popew 
Papaver sonimtorum 


the latex of the seed 
pods. The seeds therm: 
selves are used as 
cattle food and as 

a source af oil, The 
poppy is probably 
European in origin. 


10 The opium poppy 
has been cultivated 
since the Middle 
Ages, The drug opi- 
um and its derivative 
morphine and herain, 
are extracted from 


The hallmarks of a 
show in 
its stern [A] 
root [B). Both are 
covered by epidermis 
(surrounding a cor 


it Morita 3 


tex [2], inside which 


the growing |: 


et of 


cambium [3] gives rise 
to vascular bundies 
containing water-con- 
ducting xylem (4) and 


Ly 


$ 


4 


food-conducting 
phioem [5]. Inthe root 
ral cross: ped 
pattern can be seen 
andthereisan 
endodermis layer (6), 


Blncd tindweed 


11 Minthas long 
been used as afood 
flavouring, Many 
species of mint are 
known and they show 
subtle differences: 
Inthe aromas they 
discharge, Crosses 
between water mint 
(Mentha aquatica) 


basis of cultivated 
peppermint (Mentha 
x piperita), whichis 

commercially grown 
‘ona wide scale inthe 


USA and used to fi 
vour gums, toothpa: 
and a variety of drugs. 
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Flowers of wayside and hedgerow 


Of all the world’s flowering plants the non- 
woody members of the dicotyledon group 
(plants with two seed leaves) are the most 
humerous. Of the total of 200,000 
dicotyledon species, which are grouped into 
over 250 families, more than half are non- 
woody herbs. Many of these herbs are culti- 
vated in gardens and greenhouses in temp- 
erate regions, where they are treated as orna- 
mental plants or as vegetables. 

The largest families of dicotyledons 
include both familiar and useful herbs, such 
as the buttercups (Ranunculaceae); the bras- 
sicas (Cruciferae); the spurges (Euphor- 
biaceae); the roses (Rosaceae); the legumes 
(Leguminosae); the carrots (Umbelliferae); 
the nettles (Lubiatae); the potatoes (Solan- 
aceae); and the dandelions (Compositae). 

Although many of these herbs are emp- 
loyed by man as foods and flavourings. many 
others ure weeds that hamper his agriculture, 
absorbing nourishment that he would prefer 
his crops to take. Most weed plants have 
extremely efficient reproductive mechanisms 
and many of them spread vegetatively as well 
as by means of seed 


Thymus vulgaris 


2 Many culinary herbs 
such as those illus- 
trated here, are mom- 
f the family 
Their forms 
Ithough mem- 


bers of this family can 
bbe recognized by 


and distinctively 
shaped flowers. Their 
characteristic smell 


1 Stinging nettle 
Unies dioica 


1 The stinging 
Nettle and the 
pellitory-of-the- 
wall are two of 

the few species of 
the family Urtic- 
aceae that grow in 
temperate regions. 
Each plant bears 
both male [1] and 


Marjoram 
Origanum vulgare 


Lavender 
Lavendula sp 


is due to the pres- 
ence of aromatic oils 
in their leaves and 
‘stems. The oils are 
contained in capsules 
near the surface: 

and they are re- 
leased on drying or 
bruising. Some of 
these oils are 

Used in the manufac- 
ture of perfumes, 


[2} flowers, 
35 species 
of Urtica and all 

of them have bristie- 
like stinging hairs, 
which are long, hollow 
cells, The tips of these 
are toughened with 
silica and they a 

easily broken off. 


Rosemary 
Rosmarinus 
officinalis 


Pelltory-of-the-wall 


nettle that does 
not sting. Both it 
and the stinging 


When the plant is 
touched the hairs 
penetrate the skin 
like surgical need- 
Jes, the tips are 

lost and the poison 
contained in the 
cells is released, The 
pellitory-of-the 


a vegetable, or used 
to mako nettle beer. 


} J 
A 


3 The dahlia tuber 
consists of a bunch 
of swollen roots. 

These contain food 
‘materials which the 
plant can use to 
‘overwinter and they 
also serve as a 
means of vegeta 
tive reproduction. 


4 The succulent 
Crassula falcata is 

a South African 
member of the large 
order Rosales. Asin 
many plants that 
five in hot, dry 
climates, its leaves 
are fleshy and act 

as water stores, 
thus enabling the 
plant to 
long periods of 
drought. Nearly all 
the plants in the 
crassula family (Cras- 
sulaceae) are found in 
subtropical Africa, 
temperate areas of 
Asia and in the Medi- 
terranean, They are 
often found on 

rocks and mountains, 


provins rose and fruits are a. common eal ag 
Escalionia, although in feature of the cu- 
different families, cumber and its rel 
share common group tions in the family 
ing in the order Cucurbitaceae. The 
Rosales. The plants are generally 
French rose, from large and covered in 
the Mediterranean, is coarse hairs and 
one of the many rose many have tendrils 
species from which that help them climb 
cultivated varieties Sinstilvoae and scramble). 
have been derived, (03a gallica though most of the 
aes fruits are edible, those 
of Bryonia are un: 
usual in being small. 
red and poisonous 
Dried fruits of 
the gourds are used 
in Mexico to make 
musical instruments 
called maracas. 


5 The French or 5 Ww 1 Y) 6 Large, watery Cucumber 


=, Pumpkin 


Cucurbita maxima 


7 This stonecrop is 
Sionanton a plant of central 
Sedum seve and eastern Europe 
that lives on rocky 
ground, Itis re- 
lated to the rose and 
often cultivated in 
rockeries. There 

are more than 500 Melon Bottle gourd 
Sedum species Cucumit mato Gourd Cucurbite pevo Lapenan op 


Excallonis 6p 


9 The common rag- 10 Persicaria 
wort may grow as Polygonum persicarla 
either a biennial or a 


4 


perennial. Itis a 
member of the family 
Compositae, grows 
up to 1.3m (4ft) 

high and may be 
jarmful to sheep 

if eaten by them 


10 Persicaria is 
weed that is very 
hard to eradicate 
and which is wide: 
spread on farmland. 
Other members of 
the knotweed family 
(Polygonaceao) 
include dock, 

sorrel and rhubarb. 


Common ragwort 
Senecio jacobou 


13 Curled dock gets 
its name from the 
wavy margins of its 
leaves. This plant 
(family Polygon 
aceae) is related to 
sorrel. Application 
of dock leaves is a 
country remedy 

for nettle stings. 


Dandelion 
Taraxacum officinale 


8 The common dande- "1 [Herdhends 
lion (family Compos- aaa ioe 
2) is one of the 
most widespread of 
grassland perennial 
weeds. Itis hard to 
eradicate because it 
reproduces vegetat- 
ively and by means of 
“parachute” seeds. 


12 Crooping thistle 
Cirsium arvense 


Curled dock 
‘Rumex crispus 


11 Hardheads, » 
thistle-tike corn 
flower (family 
Compositae), grows 
85 a perennial weed 
in grassiand. Rows 
of large, sterile 
flowers often ap 
pear round the out- 
side of the head, 
which is attrac: 

tive to insects, 


12 The creeping 
thistle is 2 weed 
‘common on waste and 
cultivated land. 

Like the dandelion 
itis a composite. 
‘There are about 150 
species of Cirsium 
whose flowers may 
be violet, mauve, 
pink, yellow or 
white in colour. 


S 


Woody flowering plants 


The world’s flowering trees, although they 
appear to be quite different from the rest of 
the earth’s flora, do not in fact form a distinct 
botanical category. Most of them are simply 
flowering plants (angiosperms) that possess 
woody stems. All living trees, with the excep- 
tion of the gymnosperms such as conifers and 
Binkgo, are flowering trees. These are 
divided botanically, on the basis of the 
number of seed leaves or cotyledons th 
possess, into the monocotyledons, which 
have one seed leaf, and the dicotyledons, 
which have two seed leaves, 

Relatively few monocotyledons are 
flowering trees and those that are, unlike 
dicotyledonous trees, produce no wood. The 
most familiar are the several hundred palm 
species, such as the date (Phoenix dactylifera) 
and the coconut (Cocos nucifera). Most tree 
species are dicotyledonous and the majority 
grow in the world’s tropical forests, Many 
valuable wood tees make up this group 
including teak, ebony and mahogany. In con- 
trast the temperate regions support few tree 
species. Oak, ash, beech and birch are the 
four most common temperate trees, They 


1 


1 Trees increase in 
girth by rings of 

new wood produced 
annually in temperate 
zones but less often 
in the tropics. The 
cambium [1] produces 
xylem [2] and phioem 
[3], They are alive 

but the heartwood [4) 
is dead. The medul- 
lary rays [5] allow 

the transport of 

food across the 

trunk. Bark (6) 

isa protective 

outer coatina 
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2 Asection of 

‘trunk is cut here to 
show how buds are 
held in reserve in 
case the main shoot 
is lost. Attera 
mature branch has 
been broken off [1), 
“suppressed” bud 
[2] begins to grow. 

A totally suppressed 
bud [3] grows just 
enough to keep pace 
with the thickening 
of the trunk. A 

short shoot (4] may 
grow into a branch. 


grow in mixed woodlands, often accom- 
Panied by other species such as the Spanish 
chestnut, or (less usually) form single-species 
forests, as in the case of the black beech [6] of 
New Zealand. 


Size and growth of trees 

The key to the size of trees lies in a con- 
tinuous ring of cells within the trunk known 
as the cambium [1]. The multiplication of 
these cells, which lie just below the bark, 
results in growth. The cells produced by the 
cambium rapidly become specialized as ele- 
ments of the transport system within the 
trunk, by which water, food substances and 
essential mineral salts are carried through the 
tree's trunk, branches and leaves. 

The tree's structural and mechanical 
strength ~ endowed by its woodiness — is a 
consequence of the fate of the cells produced 
by the cambium, As the cells of the water- 
transporting system, known collectively as 
the xylem, enlarge and age they gradually 
become invested with layers of lignin, a tough 
substance related chemically to cellulose. 
Lignin endows a rigidity that helps trees to 


stand erect ~ the root system also aids in this. 

Division of the cambial cells does not pro- 
ceed at a steady pace. In temperate trees 
growth is much faster in summer than in 
winter. As a result the woody cells that arise 
in the summer months appear as lighter- 
coloured rings when the tree trunk is cut 
across. Because this is a yearly cycle of 
growth the tree's age is easily determined by 
counting the number of these annual rings. In 
tropical trees growth patterns follow the 
cycle of wet and dry seasons. 

The bark that covers the tree is a product 
of @ special tissue, the cork cambium. This 
protective covering for the all-important 
cambium varies greatly in thickness and 
consistency from species to species. The bark 
of the silver birch, for example, is thin and 
papery, while that of the cork oak is 
extremely thick and porous. In some savanna 
trees the bark is even fire-resistant 


Leaves and photosynthesis 

Trees, like all other green plants, produce the 
food they require by photosynthesis. Thisis a 
process in which energy from the sun is 


3 Ook 
Quercus robur 


Red mangrove 
Ahvzophore mangle 


White mangrove 
Avicennia 
oflcinale 


3 Roots anchor a 

tree securely to the 
ground and take up 
from the soil the 
‘ossential minerals 
and the huge quantity 
of water it needs - 
Several hundreds of 
litres a day is not 
unusual. A fibrous 


Tropical forest tree 


a 


root system such as 
that of an oak 
(Quercus sp) 
has roots that 
spread outwards, 
branching repeatedly 
until the soil 
is threaded with a 
‘mat of root fibres 
that often extends 
far beyond the 
reach of the crown 
of the tree. The 
red mangrove 
(Rhizophora mangle) 
rises above its 
swampy habitat on 
stilt roots which 
‘enable it to survive 
changes in the mud, 
The white 


mangrove (Avicennia 
officinalis) sends 
roots upwards in the 
airless mud to en- 
able them to ob- 

tain oxygen. Root 
systems develop in 
different ways. The 
shallow roots of 

tall rain-forest 

trees concentrate in 
the humus-rich top- 
soil and grow flange- 
like buttresses: 

that support the 
trunk. These can 
grow to 4m (13ft) up 
and out. The common 
alder (Alnus glutinosa) 
is another resi- 

dent of waterlogged 
places that has 
supporting roots. 


trapped by the green pigment chlorophyll in 
the leaves and used to build food materials 
from the simple chemicals water and carbon 
dioxide. The leaves of trees show a profusion 
of shape and size and may be simple or com- 
plex. Near the extremes of the scale are the 
small, simple leaves of the birch measuring 
up to Sem (2in) in length and the giant leaves 
of the rubber plant, which can be more than 
30cm (12in) long. 

Each leaf on a tree has a limited life, 
which depends on climatic factors. In many 
temperate trees all the leaves are shed every 
autumn and reappear in spring [4]. These 
trees are described as deciduous. In contrast, 
evergreens are those in which the leaves die 
and are replaced at random every two or 
three years. Large numbers of tropical trees 
are evergreen but those that endure a dry 
season are often deciduous. 

In temperate regions the flowers of trees 
are generally unspectacular, often to such a 
degree that they appear to the casual 
observer to be non-existent, The reason for 
this lack of floral flamboyance is that these 
trees are wind pollinated and do not need to 


4 Plant hormone 4 
(auxin) [1] is pro: 

duced by the leat 

As the leaf ages the 
auxin production 

slows and an abscis: 
sion layer [2] forms. 

The leaf falls off 

leaving stalk [3] and 
stalk vein scars (4), 


(oO) 


Black bowch 
Nothotagus solandhi 


6 Variety of form 
characterizes those 
tlowering trees 

that can grow in 
extreme climates. 
Black beech is a 
close relative of 

the familiar northorn 
beech but grows in 


7 Ponsion flower Passiflore quoutiengularis 


attract living pollinators such as. insects 
Those woody plants that are pollinated by 
insects ~ most shrubs, climbers and tropical 
trees — produce large, colourful, often 
scented flowers [7, 8] 

The results of successful pollination ~ the 
fruits of trees — are as varied as the flowers, 
‘The winged fruits of the sycamore and the 
ash, the huge nuts of tropical trees such as the 
coconut, the fleshy fruits of apples and plums 
and the pea-like pods of the acacia and 
laburnum are some familiar examples. 


‘The future of flowering trees 

The distribution of flowering trees over the 
earth has varied greatly since these plants 
made their first appearance. Analysis of 
pollen remains shows that preglacial Euro- 
pean woodlands contained not only the 
familiar modern trees but also those regarded 
as alien species, for example magnolias and 
rhododendrons, Were it not for their removal 
by man, forests would still cover huge areas 
of the globe. Only in recent years has man 
made any attempt to conserve the trees of the 
world’s temperate regions, 


2) Oe 


the Southern Hemi Watatah 
sphere where high Teloves sp 
rainfall and fertile 
soils produce jungle 
conditions. Growing 
to 29m (100ft), and 
‘evergreen with sprays 
of tiny leaves up to 
2cm (0.75in) long, 
black beech forms 
vast one-species for 
ests, Waratah is the 
floral emblam of New 
South Wales. A small 
shrubby plant with 
blooms up to 10cm 
(Ain) long, it grows in 
acid soils in near 
desert conditions 
inthe Western 

part of the State. 


A 


7 The passion flower 
is a.climbing woody 
plant. It makes its way 
by means of twining 
tendrils [1]. Some 
species produce 
large, edible fruits (2), 


hosts. Saplings 
can be marked for 
life by its spiraling 


tem; such wood 
is much prized 

for walking-sticks 
In extreme cases 
the host is com- 
pletely strangled 
as the honeysuckle 
stops sap flow, 

‘The honeysuckle is 


Sap 

tree [1]. Food made in 
the leaves is carried 
in the phloem [21 
Water and dissolved 
minerals (3) for food 
production are taken 
from the roots in the 
sapwood or xylem (4) 
Shoots, root tips [5] 
and cambium [6] are 
the growing points. 


a fully formed tree 
‘only a few centi- 
metres high will 
result. The Cali 

fornia redwood, the 
tallest tree, is 

closely rivalled by a 
eucalyptus such as 
the mountain ash of 
Australia. The 
‘eucalyptus can grow 
a8 much as 14m (45ft) 
in two years. All 
parts of this tree 

rich in ol, It 

is also grown for its 
hard timber. The 
English oak is 

‘one of 450 species of 
oak that grow a 

trees, bushes and 
shrubs. It enlarges 
slowly ~ about 4.5m 
(15ft) in 10 years ~ 
but produces wood of 
prodigious strength. 
Espelotia grows 

on snowy ledges over 
400m (1,300ft) up 

in the Sierra Nevada. 


Austrohian mountain ash 
Eucalyptus amygdalina 


5 Trees grow taller 
than any other 
fiving thing but 
can still survive 

in miniatura form, 
ifthe roots ai 


restricted either 
artificially, asin 
bonsai perfected 
in Japan, or by 
natural means as 


ates in very thin 
soil OF a mountain, 


English oak 
Quercus robur 


Fraition 
Expeletio sp, 


2 


insect-pollinated and 
the flowers have 


both male and 
female parts, 


Trees, shrubs and climbers 


CONNECTIONS: 
See also 


Most of the world’s flowering trees are noted 1 Fig 
more for their shape and form than for their eoekies 
flowers, Nearly all of the broad-leaved 
species (as distinct from narrow-leaved con 
ifers) are deciduous and are members of the 
group of plants known as dicotyledons. 
During the evolution of the flowering 
trees, shrubs and climbers the great step for- 
ward came with insect pollination rather than 
wind pollination. One advantage of this is 
that there is no need for trees to grow in large 
stands in order for pollination, and thus fruit 
formation, to be successful 
Most trees with significant, attractive 
flowers belong to one of three plant families, @ & 
the Magnoliaceae (magnolias), the Rosaceae had 
(roses) and the Leguminosae (peas), Of these we ) 
the rose relatives are the most important 
economically because they often bear edible ) 
fruits ~ apples, pears, plums and cherries 


* Soler : 1 The plant order grown commercially. The fruit [3] is the fruit [5] ona 
for which they are cultivated. The fruits of  Urticates contains The fig is grown for shown in section branch and the seeds 
many other tree families are eaten by mang number of diverse _ its fruitinthe Hops are widely (6). The other mem 
and include the olives (Oleaceae), figs families as widely warmer areas of cultivated in south ber of the Urticales 
(Moraceae), walnuts and pecans (Juglan. differant as the Europe, Male flowers ern England andre that is commercially 
Vesseaees and pecans (Juglit Gime. tigs,hopsand —_|1land{emale iow. wsadtolavour beer. linportant isthe alm 
daceae), chestnuts (Fagaceae) and oranges, stinging nettles ers [2] are found Shown here arethe which is grown for its 
limes and lemons (Rutaceae) Most of these are on the same tree. male flower (4), versatile timber 

4 Thelimesorlin- 4 Amencan inde 

dens (family Till: Tilia a ; 


aceae) have some of 
the largest leaves 
found on daciduou 
trees, Of these the 
largest - 30cm (12in) 
long ~ are on the 

American basswood 
of North America, 


3 Birches (family 
{ Betulaceae) are 

2 The elder (family | characterized by their 

Caprifoliaceae) 

native to Europe, 

grows to a height { 

of 12m (40ft). In | 


peeling bark and are 
adapted to poor soil 
and extreme cold. 
The paper birch 
early summer the 4 grows to 39m (130M) 


bears clusters \ and is found in 
of white flowers. North America. 


5 Thel 


ves of 6 The willows 6 7 The holly (family 
the ash (family (family Salicaceae) : Aquifoliaceae), with 
Oleaceae) are are fairly small trees, its thick foliage of 


distinctive in 
being split into 

many small leaflets 
giving the impression 

of fine foliage. The 
white ash of eastern 
North America is a 
timber tree up to 5 
41m (135ft) in height. 


the European willow 
growing to 10m (35ft) 
The seeds are light, 
wind dispersed 

and contain little 

food, They often grow 
by water where 

rapid germina: 

tion is effected 


evergreen thorned 
leaves, is planted as 
awindbreak and 
for ornamental pur 
poses. Its red, win: 
ter berries create a 
striking contrast to 
the dark foliage. It 
grows to 21m (70ft), 
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8 Monodore sp 8 The plant order 
q Magnoliales includes 
the magnolia and the 
nutmeg and consists 
entirely of woody 
plants. They are not 
native to Europe 
but have been intro: 
duced for ornamental 
purposes. The mag- 
nolia is indig- 
enous to Asia and 
North America and is 
@ popular garden 
plant because of its 
Laurel early pink and white 
Laurus oobi blooms. Monodora 
isa West African 
jungle tree yielding 
spices and drugs. 


Eastern beech 


Iis cultivated in cunningham 
the West Indies. . 
Myristica is the Northern beech 
nutmeg tree and is Fogus sylvatica Antarctic boach 
native to the East Notholagus antarctica 
Indies. Laurus, the 9 The beech of the The Antarctic beech is _ evergreen species. 
laurel, isnativeto the — Northern Hemisphere 30m (100ft) talland = Although the east 
Mediterranean count- (family Fagaceae) grows inthe Andes ern beech belongsto 
ries and its fruits doeswellon chalky andinsouthesstem. _thesemegenuses 
and the leaves soil, Male flowers Australia and New the Antarctic, like 
are gathered for grow in clusters Zealand. It differs thenorthaen baech 
ay spices and medicines. and are separate from its northern itattains a height of 
yistica tregian from the female ones. cousin in being an upto 36m (120ft.) 
" 11 The umbrella tree 


(tamily Magnoliaceae) 
Is popular in gardens. 
There are 80 species 

of Magnolia: the one 
shown here, from North 
America, grows to a 
height of 13m (45ft) 


10 The walnut (family 10 Black 


Juglandacese) is a Juglans nigra 

decorative tree 

prized for its fruits 

and its fine timber. gain its leaves in the 

The nuts are pressed spring and first to 

togive anedible oll, —_ lose them later. sphere but the genus 

It grows to 50m Most ofthe 15 species extends into the Andes. 

(160ft) and is one of wainut are foundin The black walnut NUmbroila tree 

of the last trees to the Northern Hemi is North American. Magnolia tpetela 


13 Sycamore 
Acer pseudepletonus 


Crataegus monogyna 


12 The hawthorn 
(family Rosaceae) is 
an ideal tree for hedge 
planting because of its 
hardiness and its dis- 7 
play of thorns, It 

grows to 11,5 (35ft) 

and its heavily scented 
blossom is conspicu: 

ous in late spring and 

early summer in the 
hedgerows of Europe. 


(family Aceraceae) 
is the largest of 

the maples and can 
grow to a height of 
33m (110ft), itis 
also the fastest 
growing, reaching its 
full height in 60 
years. Its leaves, 
however, are prone 
to fungal attack 


Flowering plants: one seed leaf 


Flowering plants ~ called angiosperms — are 
the most dominant form of vegetation on 
earth. The angiosperms are divided botani- 
cally into two groups the monocotyledons 
and the dicotyledons. The names of these two 
groups indicate the number of seed leaves or 
cotyledons contained within the seed ~all the 
monocotyledons have one seed leaf and all 
the dicotyledons have two seed leaves. 


features 

The monocotyledons and dicotyledons are 
distinguished by several other features, apart 
from the number of seed leaves they possess. 
In the monocotyledons the food and fluid 
transport system is grouped into closed, scat- 
tered, vascular bundles [1]. The leaves have 
parallel veins and usually no distinct central 
vein or midrib [4]. The flower parts of 
monocotyledons are arranged in threes, usu- 
ally with three or six petals, Those few species 
that are woody have no bark. Pollen grains 
of monocotyledons bear only a single furrow. 

The food and fluid transport system of the 
dicotyledons is made up of vascular bundles 
arranged as a single ring within the stem. The 


A Stem cross-section, 8 Root cross-section 


1 Epidermis 1 Epidermis 
2 Fibre bundle 2 Endodermis 

3 Phloem 3 Xylem 

4 Xylem Pith 

1 Monocotyledonous phloem and xylem. 


stems have an irreg- 
ular arrangement of 


In the stem [A] they 
are scattered, but in 


the food: and fluid the root (B] 
carrying tubes, the they are central. 
4a 6 


4 Paim leaves are 
mostly either palmate 
(hand-like) |A} or 
pinnate (feather- 

ke 


Frog-bit 
Hydrocaris 
morsus-ranse 


wt 
folded in pleats 

that shake out as 
the leaves untold. 


Canadian pondwoed 
Elodea canadensis 


eaves have a network of veins and a distinct 
midrib. Flower parts have a five-, a four-, or 
more rarely, a two-fold arrangement. There 
are many woody species all of which have 
bark. The pollen grains of dicotyledons have 
three furrows. 

Throughout the world there are some 
55,000 species of monocotyledons, forming 
about a quarter of all flowering plants and 
including the grasses, palms, and orchids. 
‘They show a considerable range of form, and 
leaf size in this group can vary froma few mil- 
limetres to the 20m (6Sft) long leaf of the 
raffia palm (Raphia ruffia). The flowers of 
many families also show considerable variety 
and include the lilies (Liliaceae) [8], orchids 
(Orchidaceae), pineapples and other 
bromeliads (Bromeliaceae) as well as the 
palms (Palmaceae), sedges (Cyperaceae) and 
grasses (Gramineae). More examples of 
monocotyledons are on the following pages. 


Flowers of vivid 

The flowering monocotyledons include many 
of the most beautiful and ornamental garden 
plants, as well as decorative aquatic plants 


Flowering rush 
Butomus umbellatus 


Date palm 
Phownix dectylifere 


[5]. The lilies are widespread garden plants, 
together with species of narcissus (Amaryl- 
lidaceae) and irises (Iridaceae). Other 
striking examples of flowers in this group are 
the bird of paradise flowers and canna 
flowers [11]. 

The orchid family [10] displays a par- 
ticular wealth of brilliant blooms, but even 
the most irregular and intricately shaped of 
orchid flowers still retain the characteristic 
three-fold monocotyledon arrangement of 
the flower parts, although this is sometimes. 
hard to detect. Another large group of ver- 
satile and curious monocotyledon plants is 
found in the pineapple family. Most of these 
grow on other plants especially trees (as such 
they are called epiphytes), a few are terrest- 
rial plants, Members of the pineapple family 
grow throughout the American tropics, in 
deserts, jungles or on salt-saturated beaches, 
and from sea-level to mountain slopes. A 
characteristic of many plants in this family is 
that the colour of the leaves changes when 
they flower. 

Monocotyledons are widely distributed 
round the world. They range from palms, 


Screw pine 
Pandanus xp 


2 The date palm, 
with its graceful 
column-like trunk, 
can grow up to. 30m 
(100ft) in height 
and live for 200 

oft 


a staple food in 
North Africa and 
India for centuries, 


show a parallel leaf 
venation and those 
with conspicuous 
flowers, such as, 
frog-bit, flowering 
rush and arrowhead, 
have the typical 

three petals. The 
plants can be bottom- 
rooted or free- 
floating and may 
grow: 

and flowers above the 
surface, ian 
pondweed, which is 
free-floating and 
submerged, has tiny 
flowers that grow 
‘ontong statks to 

the surface, Other 
species have small 
flowers that open 
under water, some 
consisting only of 

‘an ovary and stamens. 


Arrowhead 
Sagittvin 
sagittitola 6 Bog cotton, 3 
sedge found in areas 
of northern peat bog, 
is recognized by its 
white cotton-plumed, 
nodding seed heads. 


grasslands 


3 Screw pines, with 
their characteristic 
stilt roots [1] above 


ground, area feature 
‘of tropical Asia, the 
islands of Polynesia 
and the indian 

Ocean, A few kinds 
grow in Africa, In 
some areas they form 
the dominant vegeta- 
tion. Their tough, pli- 
able leaves are made 
into mats and baskets. 


“ 
A 
4 


Bog Cotton 
Eriophorum 


which flourish in the tropics, to the bog- 
cottons [6], which cover vast expanses of the 
Arctic tundra. Many of these single-seed leaf 
ts provide food, such as grain crops 
useful to man, and are therefore of consider 
able economic value 


Valuable food plants 
The palms are of immense economic impor- 
tance to man because they produce food, 
timber, wax, oil, sugar, wine and fibre 
Species of palms vary greatly in size and 
form. A few are slender climbers, but most 
have a characteristic appearance of woody 
trunks without branches, topped by a crown 
of large, stiff leaves, They have small 
individually inconspicuous flowers, usually in 
large clusters, and the variable fruit may be 
berries (the date) or drupes (the coconut) 
The coconut palm (Cocos nucifera) can be 
used in many ways and is considered to be the 
most valuable of all palms. Another valuable 
species, the date palm (Phoenix dactylifera) 
[2], has flower clusters that may contain as 
many as 10,000 blossoms. To ensure good 
yields of fruit, growers sometimes hang bran- 


7 


Blusbett 
Endymion non-acriptus 


10 


Californian lady's slipper orchid 
Cypnpedium ealitornicum 


ches of male flowers on the flowering female 
tree, Dates are especially nutritious and in 
northern parts of Africa they are a staple 
food of man and other animals. 

Members of the grass family are probably 
among the most important of all the plants. 
The family is a large one, containing more 
than 600 genera and 10,000 species distri- 
buted throughout the world. Grasslands 
flourish in regions where rainfall totals 
25-75em (10-30in) annually. Many grass 
species are of vital importance to man and 
animals in the form of crops such as grain or 
green pasturage as well as being used for a 
variety of products such as fibres and building 
materials, 

Bamboos [9] are grasses and with a few 
exceptions are tropical, The mountain 
species are able to withstand the cold of high 
localities. The woody, hollow stems, which 
are tough, stringy and braced by solid cross 
joints, have great strength, The bamboo 
grows profusely in South-East Asia and its 
stems can even be used for reinforcing con 
crete. Bamboo shoots are also the staple diet 
of the giant panda. 


Climbing lily Glorioxe simplex 
7 The bluebell is a 
spring flowering 
bulb that is found 
in woodlands through- 
out Europe. Most 
bulbous plants for 
example tulips and 
dattodils, are 
monocotyiedons. The 
bulbs are food 

storage organs for 

the plants and provide 
a means of veget 
ive reproduction, 


10 The Californian 
lady's slipper orchid 
is s0 named from the 
distinctive slipper 
shape of the large 
concave lower petal 
or lip. There are 50 
species of lady's 
slipper orchid, in 

a variety of showy 
colours and shapes, 
growing in tropical 
and temper 
of the world. 


11 Flowers of the 
banana group Zingi- 
berales, such as the 
bird of paradis 
Indian shot, banana 
and ginger flowers, 
are often spectacular 
and colourful. Al 
though it is hard to 
detect at a glance, 
these irregular and 
intricately shaped 
flowers have the Indian shot 
three-fold monocoty: aay 
ledon arrangement 


Key 


ss 


8 The climbing lily 
Is a native of Africa 
The lily family 
includes cultivated 
species and is wide. 
spread and varied. 
Itincludes many of 


beautiful of all 


the flowering plants. 


9 The bamboos are 


tropical members of 


the grass family 


Gramineae. They vary 


greatly in height, 
with giant species 
growing up to 33m 
(120ft), and are 


often found in dense, 
impenetrable thickets, 


most fragrant and 


Bird of paradise tlower 


Meadow grass is an 
important hay and 
green pasture grass 
in Europe and North 
America and as such 
itis an economically 
valuable member of 
the large and wide. 
‘spread grass family 
(Gramineae). The 
flower of the grass is a 
minute spikelet 
usually arranged in 
open branching clust. 
ers known as pani: 
cles, The flowers are 
cross-fertilized by 
the wind and the 
single ovule then 
develops into a seed 
or grain, Grassland 
will evolve readily 
wherever forest or 
scrub cover is sparse 
and where there is 
sufficient moisture 
and nutrionts in the 
soil. Vast areas of 
the world are nat 
Ural grasslands, for 
example the steppes 
of Asia and the North 
American prairies. 


Ginger 
Zingiber sp 
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Grasses, reeds and rushes 


The group of plants that includes the grasses, 1Thebromeliads 1 Bromiad ‘CONNECTIONS 
palms, lilies. orchids, reeds and rushes is (family Bromeliacoae) —A%evmea Seeaino 
come trom the New We 


known as the monocotyledonsandcomprises @ame,rom.the New 
some 55,000 species grouped into 31 suchas Aechmea fas 
families. The monocotyledons, mostly herbs ciara, are epiphytes 
and found worldwide, include some of the = thatis. on Lewd 
carth’s most useful and attractive plants.  2nrees.farge cacti, 
From the grass family [2] (Gramineae) come — supports, but do 
many of man’s staple food crops, including ne orae Teme 
Wheat (Triticum sp) and sorghum (Sorghum  (Dentyram them, The, 
5p), as well as luxury foods such as sugar from jiads forms “vaso” 
the sugar cane (Saccharum sp). that catches and holds 
Bamboo [7], another grass, is a building Water and dissolved 
minerals from which 
material widely used in Asia andthe papyrus Miyaicnanecr isthe 
[6] (family Cyperaceae) was used asa writing tained. In the vase 
material by the ancient Egyptians, Other entire life cycles of 
monocotyledons are used to brighten man’s Smellanimals and 
homes and gardens. Some of the most fas- 
cinating of these are the bromeliads 
(Bromeliaceae) [1] and the tradescantias [4] 
(Commetinaceae) — trailing plants that are 
widely grown, Other monocotyledons are 
found in such diverse habitats as desert, 
where the century plant [3] (Agave sp) 
thrives, and marshland where bulrushes [5] 
(family Typhaceae) are common, 


lane 


2 Of alll the plants: 2 Pampas gress 
with one seedlesf, —— Cuvtaiers 
the grasses (family 
Gramineae) are the 
most import 
comically and many 
have been developed 
8 crops. Pam- 

as grass, often plant- 
adiin gardons as an 
ornamental, comes 
trom Argentis 


Bluo grama grass 
Bouteious gracilis 


3.Comtury plant 
Ayave americans 


3 The succulent 


where it provi agaves (family Agav- 
for grazing anirni ‘aceae) come from the 
The same is true of drier parts of trop- 


the blue grama gross, 
which is forage 

food on the North 
American prairies. 


ical and subtropical 
America. A long 
flowering stem, some- 
times upto 3m, 


Sorghum, or In (30ft) tall, grows 
millet, is culth rd from the centre of 

in alt tropical and sub: Suse tant the rosette of 
tropical areas as a oflcinarum loaves only when the 


food species. Wheat 
yields another of 
man's staple grains. 
while sugar cane 
provides him with 


plant is mature. The 
maturing process may 
lake more than 50 
years, earning Agave 
americana the name 


‘sweetening from the of century plant, 
juicy pith ina Pollination is of- 
stern that may grow fected by the long- 
to 4.5m (151) tall, nosed bat (Leptony- 


cteris ap). The 
hovering bat pushes 

its head into the 

agave flower in 

order to lap up | 
Nectar with its long 

tongue and picks up | 
pollen, which js trans- 

ferred to another 

plant. After flower- 

ing the plant dies. 


Sorghum 
Sorghum guineense 


Whoat 
Trieum anstivum 


Rhoeo vac olor 


5 Common bur-read 
Sparganurn evectumn 


7 The bamboos are 
woody members of 
the grass family. 


metres. Bamboos 
often grow in dense, 
impenetrable clumps 
in tropical regions, 
but some, such as 
Arundinaria alpi 
grow on mount: 
ain sides and can 
withstand cold con- 
ditions. Because of 
their abundance, 
strength and unusual 
stem structure (1) 
(woody and hollow 
with solid, stiff- 
ening cross joints), 
bamboos are used by 
man for many pur- 
poses, including the 
building of house: 
and furniture. Large 
‘canes are used as 
pipes in irrigation 
schemes, Young 
‘shoots can be eaten 
andare regarded 
by many people 


asa delicacy. 


Grower reed: mace or bulush 


Typha latifolia 


7 Arundinana japorven 


Anunidinavia oipina 


5 The bur-reeds and 
reed-maces (or bul 
rushes) of the families 
‘Sparganiaceae and 
‘Typhaceae are usu- 
ally found in swamps 
and at water margins, 
Both male |1] and 


female [2] flowers 
are borne separately 
‘onthe same plant. 
Inthe reed-mace 
they occur on 


6 The sedges and 
club-rushes (family 
Cyperaceae) ares 
widespread group of 
plants usually found in 
waterlogged acid soils, 
Pendulous sedge 
grows in large clumps 
in damp, shady woods 
while sea club-rush is 
a plant of salt marshes, 
Papyrus, from 

which an ancient 
writing material was 
made, is a member of 
the same family. 


4 The tradescantia 
family (Commelin- 
aceae) comprises 
over 300 species, 
which are mostly 
found in the tropics 
and subtropics 
throughout the world. 


plants but some, includ: 
ing tha boat fly, have 
upright habits, Wan- 
dering Jew is one 

of the many trades~ 


beapity of its 
leaves, which are 
variegated. The 
flowers are often 
small, few and 


inconspicuous, but 
in some species 
are large with 
violet-coloured 
petals and six 
bright yellow, 
pollen-bearing 
anthers, Vegetative 
reproduction is 
assisted by the for: 
mation of roots 

at the leaf bases. 


6Pendulous sedan Fomale Nowers Male tlawory 
Caves pendula 


Sea club-rush 
‘Seupuy mantima 


———_—— 


How flowering plants reproduce 


The profusion of rainbow coloured, richly 
scented and curiously shaped flowers that 
exists throughout the world is an essential 
Part of the plant kingdom's equipment for 
sexual reproduction, although nearly all 
plants can reproduce asexually and sexually, 
Asexual reproduction [9] can take place by 
simple budding, by means of bulbils (bundles 
of swollen leaves), rhizomes (underground 
stems) or tubers (swollen parts of roots or 
stems). Or, in a few so-called apomictic 
species such as dandelions, seed can be pro- 
duced without sexual fusion. Sexual 
reproduction is effected through specialized 
organs in which a male cell fuses with a 
female cell. This gives rise to anew plant that 
combines the characters of both parents. 


Sexual re 

Plants that reproduce sexually may either 
have the male and female organs in the same 
flower (bisexual), or in different flowers on 
the same plant (monoecious) or on different 
plants (dioecious). As the flower bud is 
formed and the flower parts develop, so the 
male and female organs differentiate. The 


female part consists of the ovary, in which 
there is the ovule (embryo seed) and from 
which projects the stigma (the pollen 
receiver) on a stem or style of varying length. 
‘The male organ is the stamen, made up of an 
anther, bearing pollen grains, and the stalk- 
like filament. Most pollen grains are carried 
by wind or animals ~ frequently insects - to 
the ovule which contains the egg nucleus and 
in which, after fertilization, the young 
‘embryo subsequently develops to give rise to 
a seed and eventually to a new plant [4]. 
Pollen grains, too small to be seen 
individually by the human eye, can be 
detected as “dust” when shaken from the 
anthers of flowers. But when magnified, 
pollen is seen to vary greatly in size and shape 
and clectron microscopy has revealed 
remarkable structuring of ridges and hollows 
in the outer coat of each pollen grain. In 
many flowering plants there is a physical 
affinity between the shape of the pollen grain 
and the surface cells of the female stigma, 
contributing to successful fertilization. In the 
primrose, for example, there are two distinct 
flower types [Key] but the structure of the 


cone 


Ules europaea 


© Minivcus sp 


Early Purple Orchia 
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pollen grains is such that those from one type 
fit the stigmas of the other and vice versa. 


‘The evolution of flowers 

In the earliest and most simple types of 
flowers, pollen was transferred from stamens 
to stigmas by wind. Many trees have wind- 
pollinated flowers, often forming catkins. 
The male flowers are simple and open in 
structure to facilitate pollen dispersal. Pollen 
is produced in very large quantities so that 
from the cloud of pollen released as catkins 
toss in the breeze there is a 
some grains at least falling on ripe stigmas of 
@ nearby female flower of the species. The 
full range of diversity of flower adaptation is 
found in flowers pollinated by animals [1]. 
The direct transfer of the pollen by acreature 
provides greater efficiency in fertilization, 
‘but to ensure that it will occur the flower must 
attract the required insect (or other animal) 
pollinator. To this end many flowers have 
bright colours and studies of the sight 
capacity in bees and other insects have shown 
them to be particularly receptive to certain 
colours, The petals of flowers are modified 
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1 Flowers are adapt- 2 The flower of the 
ed to different pollina- cuckoo pint (Arum 
tion methods, These = maculatumn) [A] is 
are: non-specialized remarkably adapted 


‘simple flowers [A]; 
bee-specialized 
flowers [B]; an hibis- 
cus pollinated by hum- 
ming-birds [C]; wind- 
pollinated catkins (D). 


for pollination. As 
tho spathes [1] un- 
furl [B] the exposed 
spadix [2] heats up, 
releasing a carrion 
scent attractive to 


CONNECTIONS: 


See also 
Powering plants 
two woes leaves 
Flowering pats 
ore need at 


owl-midges. These in- 
sects fly to the scent, 
craw! down and pollin- 


a ring of hairs [C). 
The midges are dusted 


4 Flower maturation 
involves pollen pro- 
duction [1] and ovule 
le development [2]. The 
of pollen (a pollinium) — ovule mother cell [3] 
from another flower. divides repeatedly 
As it backs out, the {4, 8] to form an em- 
pollinium is left on bryo sac [6] con- 

the stigma. The bee's taining eight nuclei, 
back is smeared with When polien lands on 
liquid to which the the stigma [7] a 

pollinium sticks [B-G]. pollen tube [8] forms 


le nucleus 
from the pollen grain 
passes down it, div- 
iding in two as it does 
80. In the ovule [9] 
one fertilizes the egg 
nucleus (10), while the 
other fuses with one 
polar nucleus [11] 
The embryo [12] de- 
velops within nutri- 
tious endosperm 13]. 


leaves ~ in wind-pollinated flowers they are 
usually small and mostly green. 

In inseet-pollinated flowers the petals are 
often large and showy and the green pigment 
found in leaf cells is replaced by pigments 
that provide a new colour range. Yellow and 
white pigments are primitive colours found in 
the simpler flowers while red, purple and 
blue pigments are found in more advanced 
flowers. Orange is an uncommon natural 
flower colour and completely black petals are 
unknown in the wild, although “black” petals 
have been produced in some cultivated 
species such as tulips. 


Flower shape and scent 

Many intricate flower shapes have been 
evolved ay a result of the plantinsect 
relationship [8]. In each insect-pollinated 
flower there are glands producing nectar and 
ng the insect to visit {2}. In the 
petat markings of most flowers there is a pat 
tern of honey guidelines, that are sometimes 
black. 1 direct the feeding insect to the parts 
of the flower necessary for pollination 
Simple flowers that are open and saucer 


scents enti 


5 Some plant seeds 
are shaped for wind 
dispersal. Air cur 

rents lift the winged 
sycamore samara [Al 
spinning the fruit 

sorne distance away 
The parachuted eyp 


6 Man and animats 
assist seed dispersal 
when fruits with 


caught on fur 
or clothing. These 
twouser legs have cap: 
tured fruits of burr 
mar 

and agrimony. 


spines become 


shaped have nectar at the petal bases in the 
centre and can be pollinated by any visiting 
insects. More specialized flowers are tube- 
shaped and the tube often fits one particular 
type or species of insect exactly, so that 
pollen is “wiped” off the insect’s body 

Orchids have a most complex pollination 
mechanism with flowers often shaped, 
marked and scented to resemble an insect 
and some even have furry-textured petals [3] 
Equally specialized are long-tubed flowers 
whose nectar can be reached only by long- 
tongued butterflies and moths, birds with 
long, curved bills [1] or even bats. Where the 
evolutionary lines between plants and pol- 
linators run parallel, animals are able to feed 
from and pollinate flowers through mutual 
adaptation, 

After fertilization, flower petals and sta- 
mens wither and the ovary develops into the 
ripening fruit containing the seed. There are 
many adaptations for seed dispersal 
including wings, parachutes [5] and explosive 
mechanisms [7] to ensure that the seeds are 
carried far enough from the parent to col- 
onize new soil 


8 Berries, pollen 
and nectar can form 
the staple diet of 
many birds and small 
mammals, and often 
there is intricate 
interdependence be 
tween the plants. and 
animals. In Aus: 


flowers, and pollen 
grains that dust 

their feathers (or 

are caught on their 
tongues) will be 
carried to new plants. 
Honeyeaters [4] with 
Jong, curved bills and 
honey possums [5], 


tralia, parrots (1) 
and parakeets |2| 
swinging in the gum 
tree branches (3) 

to seek out fruit will 
shake the tasselled 


with narrow noses and 
long tongues, use 
these adaptations for 
feeding on the rich 
nectar of the Banksia 
flowers [6-9], Others 
such as the dormouse 
possum |10} carry 
pollen grains caught in 
theie fur or whiskers, 


The primrose (Prin 
ula vulgaris) has two. 


7 After fertilization 
a flower's petals fade 
and drop, leaving 

the ripening fruits. 

In the geranium fam 
ily each fruit is div: 
ded into five single: 
seeded parts attached 
by a stalk or pedicel 
(11. These are at 

first joined to a 
central column (A), 
After ripening, and 

in dry air, the outer 
cells of each pedicel 
contract causing the 
fruits fo spring up. 
and away from the 
plant [B), In this 

way sods can be 
thrown several metres 


types of flower. thrum 1 Petais 

IA] and pin-head 3 Aaoia anitier 
{B}, which differ in C reaesitgoin 
structure. This in ome 
creases the chance 6 Ovary 

of cross:pollination, 7 Ovules 


9 New plants may 
arise by a variety of 
exual methods. In 
the strawberry [A] 


stems or rhizomes 
and in the wild onion 
{C} from bulbils 

in the flower head 


they spring from 
creeping stems, in 
the bulrush [B} from 
swollen underground 
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Zoos and botanic gardens 


Whether the animals ever actually went into 
the Ark two by twois a matter for conjecture 
But without doubt mankind has been making 
collections of living animals for a very long 
time. The ancient Egyptians, the Chinese and 
the Romans all had their court menageries; 
so too did the kings of England —at the Tower 
of London ~ for some 600 years until the 
nineteenth century. The first zoo existed in 
Austria in the fifteenth century; others fol: 
lowed, until in 1752 Emperor Franz 1 
founded the Garden at Schénbrunn outside 
Vienna, the oldest zoo still in existence. The 
Madrid Zoo opened in 1775, the Paris Zoo in 
1793 and the London Zoo in 1826. 

While the carly z00s existed purely to dis- 
play exciting or exotic animals for the amuse- 
ment of their royal owners, nowadays 
responsible zoologists and zoomen (the two 
are not necessarily synonymous) generally 
agree that itis only justifiable to keep animals 
in captivity for education, conservation, or 
scientific research, In other words, a 200 
should have a serious scientific purpose, with 
the exhibition of animals purely as 
entertainment” or for status very much a 
subsidiary factor in zoo planning, 


1 The modern aviary 
at London Zoo, de: 
signed by Lord Snow: 
don, manages to com: 
bine good architect 
ure with satisfactory 
surroundings tor the 
creatures that live 
inside. This is proved 
by the number 


of birds that regu: 
larly breed within 

its confines. But it 
isnot only impress- 
ive to look at from 
the outside; itis a 
walk-through aviary 
which allows visitors 
to enter the birds’ 
‘own environment, 


Education and research 
It is not difficult for a 200 to run a good 
educational programme. Much depends on 
adequate labelling of the exhibits, but the zoo 
can also publish and distribute informative 
guidebooks and organize school lecture 
tours, Education can often succeed by simply 
displaying the animals attractively; it is not 
educational for the public to see decaying 
food inside dirty cages or filthy water opaque 
with excrement 

The contribution made by zoos to 
conservation is more uneven. It is said 
that zoos can help by breeding rare animals 
and in due course reintroducing them to 
the wild. However, there are not- many 
successful examples. The European bison — 
once reduced to a few captive specimens but 
now thriving in more or less natural condi- 
tions on the Polish-Russian border — is one 
Another is the successful breeding of ne-ne 
or Hawaiian geese at the Wildfowl Trust in 
Gloucestershire, England, and their 
reintroduction to Hawaii 

Many good zoos, like good botanic 
gardens [3], have substantial programmes of 
ntific research, Often this research tells 
2 Progressive zoos 
can create encio: 
sures that provide a 
more natural life for 
their animal inhabi 
tants and at the 
same time give the 
public 4 reasonably 
accurate idea of how 
the animal would 
behave in the wild. 
By constructing a 
well-planned en 
closure [B]. a z00 


however briefly. This 
isan enjoyable ~ and 
educational — exper 
ience, even forthe 
hundreds of families 
who keep birds as 
pets, and enables 
Visitors to learn a 
great deal about 

the birds’ habits 


3 Botanic gardens 

are for plants what 
2008 are for animals. 
Both are collections of 
wild species, Like 
2008, botanic gar- 
dens aim to “breed” 
their charges and to 
educate their visi 
ors. They conduct 
much scientific r 
earch and can cul- 
tivate endangered 
species. Like 2008, 
they can act as geno 
banks (or seed banks) 
which could be impor- 
tant in producing 

new varieties of 
useful plants, This 

‘is the Victorian 

palm house at Kew 
Gardens, England, 


us more about the behaviour of captive 
animals than about their wild relatives. 
Nevertheless, this is important if it means 
that zoo animals will live longer, happier 
lives than they would otherwise 

Conventional city zoos are constantly 
improving their facilities, partly to make 
them more attractive to visitors but even 
more with the animals’ health and happiness 
in mind. Some years ago, London Zoo spent 
£250,000 on a rhino and elephant pavilion 
that was unsuitable for the animals inside 
because insufficient thought was given to 
their needs. The same mistake would not be 
made today. A new enclosure for big cats at 
the same 200, completed to mark the Zoolog- 
ical Society of London's 150th anniversary in 
1976, is 4 marvellous example of how to dis- 
play the optimum number of animals in a 
confined space so that the needs of both 
public and animals are best served. 

Where commercial profits are the first 
priority, research and animal welfare often 
suffer. The good 200, therefore, will increas 
ingly be supported out of public funds, or be 
 non-profit-making society. concentrating 
on education and science purposes. 
tionship [11], An intru: 
sive adult male will 
be driven off [9]. A 
typical day might be 
gin with a drink [1] 
about 2am. Then the 
mother and young 
would follow well 
worn paths to areas: 
where they feed 
on scrubby plants 
and woody herbs 


[2, 4], before moving 
towards shade (5), 


could approximate 
the surroundings in 
which a female 
black African rhino: 
ceros and her young 
offspring would go 
through a typical 
24-hour activity 
pattern. In their 
Savanna grasslands, 
(A), these animals 
are normally solitary 
apart from a close 
mother-infant rela- 


@ 
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From 9am until late 
afternoon, they rest 
and sleep [3, 6, 

often cooling them: 
selves by wallowing 
in dust-filled de- 

pressions [7], Their 


towards nightfall [8, 
10}. Unfortunately 
for 200 visitors, 
rhinos are naturally 
least active 

during the daytime, 


4 Young polar bears 
are potent crowd 
pullers. However 
richly endowed 
2008 may be, nearly 
all depend largely 
on income from the 
public, Many zoos 
have found that 
ndance increases 
dramatically when 
they have @ notable 
animal birth, itis 
a happy coincidence 
that baby polar 
bears are 0 popular, 
for their species is 
‘endangered. if a 200 
can breed them suc 
cessfully, it can 
fulfil serious 

ims and benefit 
financially as well 


